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(57) A porous coating layer formed on a substrate 
is impregnated with liquid material having a larger co- 
hesion after solidification thereof than that of the coating 
layer based on a prescribed pattern. The liquid material 
is solidified to form a solidified material. Then, a portion 
of the coating layer, which has been impregnated with 



the solidified material is peeled to expose partially the 
surface of the substrate on the basis of the prescribed 
pattern, thereby producing the porous coating layer hav- 
ing the prescribed pattern. An electrode plate for a sec- 
ondary battery with a nonaqueous electrolyte can be 
produced by utilizing the above-mentioned production 
process. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

The present invention relates to a process tor pro- 
ducing a porous coating layer, especially a porous coat- 
ing layer having a prescribed pattern, which is suitable 
for an active material layer of an electrode plate for a 10 
secondary battery with a nonaqueous electrolyte; a 
process for producing an electrode plate for a secondary 
battery with a nonaqueous electrolyte, in which the 
above-mentioned process for producing the porous 
coating layer is utilized; the electrode plate for a sec- is 
ondary battery with a nonaqueous electrolyte obtained 
by the above-mentioned process; and a'sheet for peel- 
ing an active material layer, especially a sheet tor peel- 
ing an active material layer used in the above-men- 
tioned process for producing the electrode plate for a 20 
secondary battery with a nonaqueous electrolyte. 

Description of the. Related Art 

In recent years, reduction in size and weight of elec- 25 
tronic equipment and communication equipment has 
rapidly been advanced. This advance has also required 
reduction in size and weight of batteries used as a driv- 
ing power source for these equipment. As a result, there 
has been proposed commercialization of secondary 30 
batteries with a nonaqueous electrolyte in which lithium 
ion secondary batteries having high voltage and high 
energy density were exemplified as an typical example, 
in replacement of conventional alkaline batteries. 

FIG. 22 shows a structure of a cylindrical shape- 35 
lithium ion secondary battery as generally used. The cy- 
lindrical shape-lithium ion secondary battery 34 as gen- 
erally used has an external; appearance given by a me- 
tallic column. The battery 34 has a positive electrode 35 
at its one end, and a negative electrode 36 at its another 40 
end. The battery 34 has an inside structure in which a 
positive electrode plate 37 generally made of lithium 
compound such as LiCo0 2 , a negative electrode plate 
38 made o1 carbonaceous material and a separator 39 
arranged between the positive electrode plate 37 and 
the negative electrode plate 38 for preventing a short 
circuit of them are wound in a piled up state. The battery 
is filled with a nonaqueous electrolyte 40 as an electro- 
lyte, which is obtained by dissolving lithium salts into an 
organic solvent, since lithium contained in the positive 50 
electrode plate 37 has a character of reacting with water. 
Terminals for introducing an electric current (i.e., a pos- 
itive cable terminal 41 and a negative cable terminal 42) 
are connected to the above-mentioned electrode. 

Regarding an electrode plate which has a great in- ss 
fluence on the performance of the secondary batteries 
with a nonaqueous electrolyte, methods for increasing 
the area of the electrode plate which is wound in the 



battery, by reducing the thickness of the electrode in or- 
der 1o prolong the charge-discharge cycle life and to in- 
crease the energy density. For example, Japanese Pat- 
ent Laid-Open Nos. 10456/1988 and 285262/1991 dis- 
close a process for producing a positive electrode plate, 
which comprises the steps of: dispersing and dissolving 
an active material powder for a positive electrode plate, 
which comprises metallic oxides, sulfides, halides and 
the like, conductive agents and a binder into a suitable 
wetting agent (hereinafter referred to as the "solvent") 
to prepare an active material coating composition in the 
form of paste, and applying the above-mentioned active 
material coating composition on the surface of a collec- 
tor as a substrate, made of a metallic foil to prepare an 
active material layer for a positive electrode plate (here- 
inafter referred to as the "positive electrode coating lay- 
er"). An active material layer for a negative electrode 
plate obtained by applying the above-mentioned active 
material coating composition on the substrate is herein- 
after referred to as the "negative electrode coaling lay- 
er". Both of the positive and negative electrode coating 
layers are simply referred to as the "coating layer". In 
the preparation of such a positive electrode plate, there 
is used as a binder, fluororesins such as polyvinylidene 
fluoride; silicone-acrylic copolymer; styrene-butadiene 
copolymer, and the like. 

A negative electrode plate can be obtained by add- 
ing a binder and a suitable wetting agent (i.e., a solvent) 
to an active material such as carbon for a negative elec- 
trode plate to prepare an active material coating com- 
position in the form of paste, and applying the thus pre- 
pared active material coating composition to a collector 
made of a metallic foil. 

The binder for preparing the active material coating 
composition for the above-described coating type elec- 
trode plate is required to be chemically stable against 
the nonaqueous electrolyte, insoluble in the electrolyte, 
and soluble in a certain solvent to be able to be applied 
to the surface of the substrate in the form of thin film. 
The coating layer obtained by applying the coating com- 
position, and drying same is required to be so flexible 
that there is no occurrence of peeling, chipping and 
cracks in the coating layer during the assembling step 
of the battery, and to be excellent in adhesivity to the 
collector made of a metallic foil. 

The existence of the active material and the coating 
layer is unfavorable for a certain portion of the above- 
mentioned electrode plate, for example, for a portion to 
which a terminal for introducing an electric current is 
connected, and for a portion along which the electrode 
plate is subjected to a cutting work. Accordingly, the 
electrode plate has non-coated portions on the basis of 
a prescribed pattern determined when making a plan for 
a battery. FIG. 5 is a plan view of the electrode plate. 
There are formed non-coated portions, i.e., peeled por- 
tions 6 to which cable terminals are connected, between 
the coating layers 2. FIG. 23 is a plan view of a original 
sheet for a plurality of electrode plates. The original 
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sheet has longitudinal non-coated portions along the 
both longitudinal edges of the original sheet and lateral 
non -coated portions 4 which cross the above-men- 
tioned longitudinal non-coated portions at right angles. 

As a process for forming a pattern of the non-coated s 
portion, there have been a process of mechanically con- 
trolling a coating head during applying the coating com- 
position for an electrode plate onto the collector, to di- 
rectly form each pattern of the coated portion (i.e., a por- 
tion in which the coating layer exists) and the non-coat- 10 
ed portion, and another process of peeling the pre- 
scribed portion of the coating layer prepared by applying 
the coating composition for the electrode plate onto the 
collector and drying same, by means of a mechanical 
means, for example, a spatula or the like, to form the is 
non -coated portion. 

However, the process of mechanically controlling 
the coating head has a problem of insufficient mechan- 
ical accuracy, thus making it hard to form a prescribed 
pattern at a high velocity while maintaining a proper 20 
measurement accuracy of the pattern, and leading to 
non -uniform thickness of the coating layer. The process 
of partially peeling the dried coating layer requires a long 
period of time for the peeling, and has problems that a 
proper measurement accuracy of the pattern cannot be 2s 
maintained, and production of powder at peeled edges 
of the coating layer on the basis of the pattern may be 
caused during or after the peeling step. 



SUMMARY OF THE INVENTION 



30 



The first object of the present invention is to provide 
a process for producing a porous coating layer having 
a prescribed pattern, which permits to keep the thick- 
ness of,the coating layer uniform and to keep the pre- 35 
scribed pattern sharp. 

The second object of the present invention is to pro- 
vide a process for producing an electrode plate having 
a prescribed pattern for a secondary battery with a non- 
aqueous electrolyte, which permits to keep the thick- 40 
ness of the active material layer uniform and to keep the 
prescribed pattern sharp. 

The third object of the present invention is to provide 
an electrode plate having a prescribed pattern for a sec- 
ondary battery with a nonaqueous electrolyte, in which 45 
the thickness of the active material layer is kept uniform 
and the prescribed pattern is kept sharp. 

The fourth object of the present invention is to pro- 
vide a sheet for peeling an active material layer which 
permits to effectively form a prescribed sharp pattern in so 
the above-described process for producing the porous 
coating layer and the above-described process for pro- 
ducing the electrode plate for a secondary battery with 
a nonaqueous electrolyte. 

The present inventors have carried out extensive ss 
studies in order to solve the problems of the convention- 
al prior art, and have obtained the following findings: 



(a) The coating layer for the electrode plate is po- 
rous. When the coating layer having numerous fine 
cavities existing therein is impregnated with liquid 
material having a larger cohesion after solidification 
thereof than that of the coating layer in an optional 
pattern, the liquid material solidifies by the cooling 
or through chemical reaction so as to surround the 
coating layer. Only a portion of the coating layer in 
which the liquid material is solidified, can easily be 
peeled from the surface of the collector. Thus, the 
surface of the collector can be partially and well ex- 
posed without leaving portions to be removed of the 
coating layer non-peeled, the boundary between 
the peeled portions and the non-peeled portion of 
the coating layer is kept very sharp, and there is no 
occurrence of problems of production of powder 
even when carrying out the peeling step; 

(b) When a porous sheet is brought into contact with 
the portion of the coating layer which is impregnated 
with the liquid material, prior to the solidification of 
the liquid material, to the portion of the coating layer 
and the porous sheet is combined together through 
the liquid material, the impregnated portion of the 
coating layer can be peeled together with the po- 
rous sheet. 

The present invention has been made on the basis 
of the above-mentioned findings. 

In order to attain the first object of the present in- 
vention, the process thereof for producing a porous 
coating layer having a prescribed pattern, which com- 
prises the steps of: 

impregnating a porous coating layer formed on a 
substrate with liquid material having a larger cohe- 
sion after solidification thereof than that of said coat- 
ing layer based on a prescribed pattern: 
solidifying said liquid material to form a solidified 
material; and 

peeling a portion of said coating layer, which has 
been impregnated with said solidified material, to 
expose partially a surface of said substrate based 
on said prescribed pattern. 

In order to attain the second object of the present 
invention, the process thereof for producing an elec- 
trode plate for a secondary battery with a nonaqueous 
electrolyte, which comprises the steps of: 

applying an electrode forming composition com- 
prising active material and a binder on a collector, 
and drying same to form an active material layer on 
the collector; 

impregnating said active material layer with liquid 
material having a larger cohesion after solidification 
thereof than that of said active material based on a 
prescribed pattern; 

solidifying said liquid material to form a solidified 



3 



BNSDOC ID: <E P 08 1 c 52 1 A2_ l_ > 



5 



EP0 814 521 A2 



6 



material; and 

peeling a portion of said active material layer, which 
has been impregnated with said solidified material, 
to expose partially a surface of said collector based 
on said prescribed pattern. 5 

In these processes, 

(1) Said liquid material preferably comprises mate- 
rial which is solid at a room temperature, and can to 
be liquefied by heat. 

(2) Said material which can be liquefied by heat 
preferably comprises at least one of thermoplastic 
resin, organic or inorganic wax and a low melting 
point-metal. 75 

(3) Said material which can be liquefied by heat 
preferably has viscosity of from 10 to 50,000 cP 
when the melting thereof. 

(4) Said material which can be liquefied by heat 
preferably has a melting point of from 20°C to 20 
250°C. 

(5) Said material which can be liquefied by heat 
preferably comprises at least one of polyethylene, 
polypropylene, low molecular weight polyethylene, 
low molecular weight polypropylene, wax and de- 25 
rivative thereof. 

(6) Said liquid material may comprise material 
which can be solidified by chemical reaction. 

(7) Said liquid material may comprise at least one 

of polymerization material and cross-linking mate- 30 
rial. 

(8) Said substrate may be a collector for a lithium 
battery. 

(9) Said porous coating layer may be a coating layer 
comprising active material and a binder. 3S 

(10) A step of bringing a porous sheet into contact 
with a surface of said coating layer to cause a part 
of said liquid material existing in said coating layer 
and/or existing on the su dace thereof to migrate into 
said porous sheet may be carried out between said 40 
step of impregnating the coating layer with the liquid 
material based on the prescribed pattern and said 
step of solidifying the liquid material; said step of 
solidifying the liquid material may comprise integral- 
ly solidifying the liquid material remaining in said 
coating layer and the liquid material caused to mi- 
grate into said porous sheet; and said step of peel- 
ing the portion of the coating layer may comprise 
peeling the portion of the coating layer, which has 
been impregnated with the liquid material together so 
with said porous sheet, to expose partially the sur- 
face of the substrate based on the prescribed pat- 
tern. 

When carrying out these steps, the portion of the 55 
coating layer, which is impregnated with the liquid ma- 
terial in the form of a pattern, can be peeled after the 
solidification of the liquid material together with the po- 



rous sheet stuck on the portion based on the pattern, 
with the result that all the portions of the coating layer 
to be removed on the basis of the pattern can be re- 
moved by carrying out a single peeling step without leav- 
ing the portions to be removed of the coating layer non- 
peeled. Since the porous sheet is placed, prior to the 
solidification of the liquid material, namely in the state 
of liquid, on the portion of the coating layer, which is im- 
pregnated with the liquid material, cracks do not easily 
tend to be produced on the portion of the coating layer 
to be removed. Accordingly, even when liquid material 
having larger cohesion is used, there is no occurrence 
of marks of crack on the exposed portion of the sub- 
strate, thus leading to a sharp edge of the formed pat- 
tern. (11) The portion of the coating layer, which has 
been impregnated with the liquid material is preferably 
peeled together with said porous sheet by peeling the 
porous sheet from the substrate while imparting tension 
to said porous sheet not so as to be loosened, in said 
step of partially exposing the surface of the substrate 
based on the prescribed pattern. 

When pulling the porous sheet in order to peel the 
portion of the coating layer on the basis of the pattern, 
only the porous sheet may be peeled from the boundary 
between the porous sheet and the coating layer, with 
the result that only the porous sheet may be peeled from 
the electrode plate and the portions to be removed of 
the coating layer may be left non-peeled and remains 
on the substrate. The imparting of tension to the porous 
sheet not so as to be loosened can prevent the peeling 
of only the porous sheet. 

(12) Said liquid material preferably comprise material 
which is solid at a room temperature, and can be lique- 
fied by heat. 

Since it is possible to remelt the liquid material with 
which the coating layer is impregnated on the basis of 
the pattern, by heat and to solidify the thus remelt liquid 
material again, the step of integrally bonding the porous 
sheet with the coating layer can be modified on the basis 
of various manners, thus making it possible to apply this 
process not only to a continuous production line but also 
to an intermittent production line. 

(13) Said liquid material may comprise at least one 
of polymerization material and cross-linking mate- 
rial. 

(14) Said substrate may be a collector for a lithium 
battery. 

(15) Said binder may comprise fluororesin. 

(16) Said liquid material may comprise thermoplas- 
tic resin; said step of impregnating the active mate- 
rial layer with the liquid material may comprise im- 
pregnating a portion of the active material layer to 
be removed with the thermoplastic resin by the use 
of heat; said step of solidifying the liquid material 
may comprise cooling said thermoplastic resin; and 
said step of peeling the active material layer may 
comprise removing said thermoplastic resin togeth- 
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er with the portion of the active material to be re- 
moved. 

(17) Said step ot impregnating the portion of the ac- 
tive material layer to be removed with the thermo- 
plastic resin may comprise heat-pressing a peeling s 
sheet impregnated with said thermoplastic resin on- 
to the portion of the active material layer to be re- 
moved; and said step of removing the thermoplastic 
resin together with the portion of the active material 
layer to be removed may comprise peeling said to 
peeling sheet from said active material layer to re- 
move said portion of the active material layer to be 
removed in a heat-pressing region together with the 
peeling sheet. 

(18) Said thermoplastic resin in the item (16) pref- is 
erably comprise at least one of polyethylene, poly- 
propylene and derivative thereof. 

(19) Said peeling sheet in the item (17) preferably 
comprise a porous sheet. 

(20) Said Ihermoplaslic resin in the item (17) pref- 20 
eiably has a melting point of from 100°C to 250°C. 

(21 ) Said thermoplastic resin in the item (17) pref- 
erably has viscosity of from 1 00 to 50,000 cP when 
tnc mellmg thereof 

(22) S.iid peeling sheet in the item (17) may com- 25 
price a nonwoven fabric cloth. 

(23) Heating m the item (17) in the heat-pressing of 
saic peeing sheet may be conducted from a side 
ol 1 ho collector 

(24) Said stop in the item (16) of impregnating the 30 
pon»on of the active material layer to be removed 
with ihe thermoplastic resin may comprise heating 
saic active material layer and then bringing a 
formed body which is made of said thermoplastic 
rosin and ts solid at a room temperature into contact 35 
with said portion of the active material layer to be 
removed 

(25) Said formed body in the item (24) made of the 
thermoplastic rosin preferably has substantially the 
same shape as that of the portion of the active ma- 40 
tonal layer to be removed. 

(26) The active material layer may continuously be 
impregnated with said thermoplastic resin while 
pressing said formed body in the item (24) made of 

tnc thermoplastic resin on the heated surface of the 45 
active material layer. 

(27) Said thermoplastic resin in the item (24) pref- 
erably comprise al least one ol polyethylene, poly- 
piopylene and derivative thereof. 

(28) Said thermoplastic resin in the item (24) prel- 
erably has a melting point of from 20°C to 250°C. 

(29) Said thermoplastic resin in the item (24) pref- 
erably has viscosity of from 100 to 50,000 cP when 
the melting thereof. 

(30) Said heating of the active material layer in the ss 
item (24) may be conducted from a side of the col- 
lector. 

(31) A step of bringing a porous sheet into contact 



with the active material layer to cause a part of said 
liquid material existing in said active material layer 
and/or existing on the surface thereof to migrate into 
said porous sheet may be carried out between said 
step of impregnating the active material layer with 
the liquid material and said step of solidifying the 
liquid material; said step of solidifying the liquid ma- 
terial may comprise integrally solidifying the liquid 
material remaining in said active material layer and 
the liquid material caused to migrate into said po- 
rous sheet; and said step of peeling the portion of 
the active material layer may comprise peeling the 
portion of the coating layer, which has been impreg- 
nated with the liquid material together with said po- 
rous sheet in the integral solidification condition of 
the liquid material in the active material layer and 
the liquid material in the porous sheet, to expose 
partially the surface of the substrate based on the 
prescribed pattern. 

(32) The portion of the coating layer, which has 
been impregnated with the liquid material may be 
peeled together with said porous sheet by peeling 
the porous sheet from the collector while imparting 
tension to said porous sheet not so as to be loos- 
ened, in said step in the item (31 ) of partially expos- 
ing the surface of the collector based on the pre- 
scribed pattern. 

(33) Said liquid material in the item (31) preferably 
comprises material which is solid at a room temper- 
ature, and can be liquefied by heat. 

(34) Said material in the item (33) which can be liq- 
uefied by heat preferably comprise at least one of 
thermoplastic resin, organic or inorganic wax and a 
low melting point-metal. 

(35) Said thermoplastic resin in the item (34) is pref- 
erably at least one thermoplastic resin selected 
from the group consisting of ethylene homopoly- 
mer, propylene homopolymer, ethylene copolymer 
and propylene copolymer. 

(36) Said material in the item (33) which is solid at 
a room temperature, and can be liquefied by heat 
preferably has a melting point of from 20°C to 
250°C. 

(37) Said material in the item (33) which is solid at 
a room temperature, and can be liquefied by heat 
preferably has viscosity of from 10 to 50,000 cP 
when the melting thereof. 

(38) A step of bringing a porous sheet into contact 
with the active material layer to cause a part of said 
liquid material existing in said active material layer 
and/or existing on the surface thereof to migrate into 
said porous sheet may be carried out between said 
step of impregnating the active material layer with 
the liquid material and said step of solidifying the 
liquid material; said step of solidifying the liquid ma- 
terial may comprise integrally solidifying the liquid 
material remaining in said active material layer and 
the liquid material caused to migrate into said po- 
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rous sheet by cooling same; and said step of peel- 
ing the portion of the active material layer may com- 
prise peeling the portion of the coating layer, which 
has been impregnated with the liquid material to- 
gether with said porous sheet in the integral solidi- 
fication condition ot the liquid material in the active 
material layer and the liquid material in the porous 
sheet, to expose partially the surface of the collector 
based on the prescribed pattern. 
(39) A step of cooling the liquid material to solidify 
same, a step of bringing a porous sheet into contact 
with the active material layer and a step of heating 
contact portions of the active material layer and the 
porous sheet to remelt a part of the solidified liquid 
material so as to cause the remelt liquid material to 
migrate into the porous sheet may be conducted in 
this order between said step of impregnating the ac- 
tive material layer with the liquid material and said 
step of solidifying the liquid material; and said step 
of peeling the portion of the active material layer 
may comprise peeling the portion of the coating lay- 
er, which has been impregnated with the liquid ma- 
terial together with said porous sheet in the integral 
solidification condition of the liquid material in the 



vention, an electrode plate for a secondary battery with 
a nonaqueous electrolyte, can be produced by carrying 
out a process comprising the steps of: 

5 applying an electrode forming composition com- 

prising active material and a binder on a collector, 
and drying same to form an active material layer on 
the collector; 

impregnating said active material layer with liquid 
to material having a larger cohesion after solidification 
thereof than that of said active material based on a 
prescribed pattern; 

solidifying said liquid material to form a solidified 
material; and 

is peeling a portion of said active material layer, which 
has been impregnated with said solidified material, 
to expose partially a surface of said collector based 
on said prescribed pattern. 

20 in the process carried out for the production of the 
above-described electrode plate for a secondary battery 
with a nonaqueous electrolyte, 

(1 ) Said liquid material may comprise thermoplastic 
resin; said step of impregnating the active material 
layer with the liquid material may comprise impreg- 
nating a portion of the active material layer to be 
removed with the thermoplastic resin by the use of 
heat; said step of solidifying the liquid material may 
comprise cooling said thermoplastic resin; and said 
step of peeling the active material layer may com- 
prise removing said thermoplastic resin together 
with the portion of the active material to be removed. 

(2) Said step in the item (1 ) of impregnating the por- 
tion of the active material layer to be removed with 
the thermoplastic resin may comprise heat-press- 
ing a peeling sheet impregnated with said thermo- 
plastic resin onto the portion of the active material 
layer to be removed; and said step in the item (1) 
of removing the thermoplastic resin together with 
the portion of the active material layer to be re- 
moved comprises peeling said peeling sheet from 
said active material layer to remove said portion of 
the active material layer to be removed in a heat- 
pressing region together with the peeling sheet. 

(3) Said step in the item (1 ) of impregnating the por- 
tion of the active material layer to be removed with 
the thermoplastic resin may comprise heating said 
active material layer and then bringing a formed 
body which is made of said thermoplastic resin and 
is solid at a room temperature into contact with said 
portion of the active material layer to be removed. 

(4) A step of bringing a porous sheet into contact 
with the active material layer to cause a part of said 
liquid material existing in said active material layer 
and/or existing on the surface thereof to migrate into 
said porous sheet may be carried out between said 
step of impregnating the active material layer with 



active material layer and the liquid material in the 25 
porous sheet, to expose partially the surface of the 
collector based on the prescribed pattern. 
(40) A step of cooling the liquid material to solidify 
same and a step of bringing a heated porous sheet 
into contact with the active material layer to remelt 30 
a part of the solidified liquid material so as to cause 
the remelt liquid material to migrate into the porous 
sheet may be conducted in this order between said 
step of impregnating the active material layer with 
the liquid material and said step of solidifying the 35 
liquid material; and said step of peeling the portion 
of the active material layer may comprise peeling 
the portion of the coating layer, which has been im- 
pregnated with the liquid material together with said 
porous sheet in the integral solidification condition 40 
of the liquid material in the active material layer and 
the liquid material in the porous sheet, to expose 
partially the surface of the collector based on the 
prescribed pattern. 

45 

According to the features in the items (38), (39) and 

(40) , it is possible to produce an electrode plate having 
an excellent quality for a secondary battery with a non- 
aqueous electrolyte in which there is no occurrence of 
marks of crack on the non-coated portion after the peel- 
ing (i.e., the exposed portion of the collector), a proper 
measurement accuracy of the pattern can be main- 
tained, no production of powder occurs at peeled edges 
of the coating layer on the basis of the pattern. 

(41) Said porous sheet in the item (31) may comprise 55 
any one of polyester mesh, metallic mesh, cloth, paper 
and a nonwoven fabric cloth. 

In order to attain the third object of the present in- 
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the liquid material and said step of solidifying the 
liquid material; said step of solidifying the liquid ma- 
terial may comprise integrally solidifying the liquid 
material remaining in said active material layer and 
the liquid material caused to migrate into said po- s 
rous sheet; and said step of peeling the portion of 
the active material layer may comprise peeling the 
portion of the coating layer, which has been impreg- 
nated with the liquid material together with said po- 
rous sheet in the integral solidification condition of 10 
the, liquid material in the active material layer and 
the- liquid material in the porous sheet, to expose 
partially the surface of the substrate based on the 
prescribed pattern. 

75 

In order to attain the fourth object of the present in- 
vention, a sheet thereof for peeling an active material 
layer comprises a porous sheet and thermoplastic resin 
impregnated in said porous sheet. 

The present invention may be classified into the first 20 
group as the generic group in which a means for peeling 
a portion of an active material layer, which is' impregnat- 
ed with liquid material is not defined, the second group 
characterized in that a peeling sheet impregnated with 
thermoplastic resin is used as such a peeling means, 25 
and the peeling sheet is heat-pressed on a portion to be 
removed of the active material layer, the third group 
characterized in that a formed body made of thermo- 
plastic resin which is solid at a room temperature, is 
used as the peeling means, and the fourth group char- 30 
acterized in that a porous sheet is used as the peeling 
means: 

BRIEFrDESCRIPTION OF THE DRAWINGS 

35 

FIG. 1 is a schematic descriptive view illustrating 
one step of the process of the present invention in 
the first group; 

FIG. 2 is a schematic descriptive view illustrating 
another step of the process of the present invention 40 
in the first group; 

FIG. 3 is a schematic descriptive view illustrating 
further another step of the process of the present 
invention in the first group; 

FIG. 4 is a schematic descriptive view illustrating 45 
one example of a pattern formed by the process of 
the present invention in the first group; 
FIG. 5 is a schematic descriptive view illustrating 
another example of a pattern formed by the process 
of the present invention in the first group; 50 
FIG. 6 is a schematic descriptive view illustrating 
further another example of a pattern formed by the 
process of the present invention in the first group; 
FIG. 7(a) is a plan view of an electrode plate of the 
present invention in the second group, and FIG. (b) 55 
is an enlarged cross-sectional view of the electrode 
plate; 

FIG. 8 is a plan view of another electrode plate of 



the present invention in the second group; 
FIG. 9 is a schematic descriptive view illustrating 
one step of the process of the present invention in 
the second group: 

FIG. 10 is a schematic descriptive view illustrating 
another step of the process of the present invention 
in the second group; 

FIG. 11 is a schematic descriptive view illustrating 
further another step of the process of the present 
invention in the second group; 
FIG. 12 is a perspective view illustrating a coating 
apparatus used in the process of the present inven- 
tion in the second group; 

FIG. 13 is a schematic descriptive view illustrating 
one step of the process of the present invention in 
the third group; 

FIG. 14 is a schematic descriptive view illustrating 
another step of the process of the present invention 
in the third group; 

FIG. 15 is a schematic descriptive view illustrating 
further another step of the process of the present 
invention in the third group; 

FIGS. 16(a) to 16(c) are schematic descriptive view 
illustrating further another step of the process of the 
present invention in the third group; 
FIG. 17 is a schematic descriptive view illustrating 
one step of the process of the fourth group; 
FIG. 18 is a schematic descriptive view illustrating 
one example of a peeling step in the process of the 
present invention in the fourth group; 
FIG. 19 is a schematic descriptive view illustrating 
another example of a peeling step in the process of 
the present invention in the fourth group; 
FIG. 20 is a schematic descriptive view illustrating 
further another example of a peeling step in the 
process of the present invention in the fourth group; 
FIG. 21 is a schematic descriptive view illustrating 
further still another example of a peeling step in the 
process of the present invention in the fourth group; 
FIG. 22 is an exploded perspective view illustrating 
a cylindrical shape-lithium ion secondary battery as 
generally used; and 

FIG. 23 is a plan view illustrating one example of an 
electrode plate of the present invention in the fourth 
group. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now, the present invention in the first group will be 
described in detail below. 

A process of the present invention in the first group, 
for producing a porous coating layer is characterized by 
comprising the steps of impregnating a porous coating 
layer formed on a substrate with liquid material having 
a larger cohesion after solidification thereof than that of 
said coating layer based on a prescribed pattern; solid- 
ifying said liquid material to form a solidified material; 
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and peeling a portion of said coating layer, which has 
been impregnated with said solidified material, to ex- 
pose partially a surface of said substrate based on said 
prescribed pattern. An typical example in which the 
process of the present invention is utilized in the pro- 
duction of an electrode plate for a secondary battery with 
a nonaqueous electrolyte will be described below. Off 
course, the application of the process of the present in- 
vention is not limited to the application thereof to the pro- 
duction of such an electrode plate for a secondary bat- 
tery with a nonaqueous electrolyte. 

The present inventors have carried out extensive 
studies of a process for forming an active material coat- 
ing layer based on a prescribed pattern in the production 
of an electrode plate for a secondary battery with a non- 
aqueous electrolyte. In the above-mentioned studies, 
they directed their attention to the following facts: 

(1) Since the active material coating layer is com- 
posed ol particles of an active material in a large 
amount and resin as a binder in a relatively small 
amount, the active material coating layer is porous, 
and has a poor adhesivity to a collector; and 

(2) Since the resin as a binder is used in a small 
amount, cohesion (i.e. . strength) in the lateral direc- 
tion of tho active material layer is low. 

More specifically, liquid material tends to be easily 
pormoain through the active material layer in the width 
drection duo to Ihe porosity thereof. When the active 
materia! layer is impregnated with liquid material on the 
basis ol an optional pattern, and the liquid material per- 
meating m the active material layer is solidified, the im- 
pregnated portion of the active material layer is remark- 
ably different from the non-impregnated portion thereof 
in physical strength, and as a result that only the impreg- 
nated portion of the active material layer can easily be 
peeled from the collector, thus exposing the surface of 
Ihe collector to be exposed on the basis of the pattern 
without leaving the portion to be removed of the active 
material layer non-peeled. 

The above-mentioned process of the present inven- 
tion will oe described with reference to the drawings. As 
shown in FIG 1 . a solidifying agent 3 as liquid material 
such as wax is melted by heat, and the thus melted so- 
hailying agent is dropped on an active material coating 
layer 2 formed on the surface of a collector 1. The 
dropped solidifying agent 3 permeates through the ac- 
tive rnateiial coating layer 2, and cavities in the active 
material coating layer 2 are filled with the solidifying 
agent 3. In this case, the collector 1 and/or the active 
material coating layer 2 may be heated in order to pre- 
vent the liquefied solidifying agent 3 from being solidified 
before the solidifying agent 3 reaches the surface of the 
collector 1 . 

FIG. 2 shows a state in which the solidifying agent 
3 permeates through the active material coating layer 2, 
and it is solidified by the cooling. In this state, a portion 



of the active material coating layer 2, through which the 
solidifying agent 3 permeates, has a excessively higher 
density than that of the other portion, and cohesion of 
the former is higher than that of the latter. 
5 FIG. 3 shows a state in which the portion of the ac- 
tive material coating layer 2, which is impregnated with 
the solidifying agent is peeled. The portion 2a of the ac- 
tive material coating layer 2, which is impregnated with 
the solidifying agent 3, has a higher density and a higher 

to cohesion through the impregnation with the solidifying 
agent 3, and the cohesion of the portion is excessively 
higher than that of the adjacent other portion of the ac- 
tive material coating layer 2, which is not impregnated 
with the solidifying agent 3, as described above. Accord- 
's ingly, the portion 2a of the active material coating layer 
2, which is impregnated with the solidifying agent is 
peeled by an appropriate means, can be peeled in a 
state that the active material coating layer 2 is surround- 
ed by the solidifying agent 3, and the surface of the col- 

20 lector can be exposed on the basis of the sharp pattern 
after the peeling of the portion 2a. 

A shape of the pattern formed by the process of the 
present invention can optionally be selected. Examples 
of the pattern are shown in FIGS. 4 to 6. 

25 in FIGS. 4 to 6, 4 is a peeled portion and 5 is a non- 
peeled portion. In FIG. 5, G is a peeled portion to which 
a terminal is to be connected. 

In the process of the present invention, there is 
used, as a solidifying agent 3, material which is solid at 

30 a room temperature, and can be liquefied by heat, for 
example, at least one of thermoplastic resin, organic or 
inorganic wax and a low melting point-metal. In view of 
the object of the present invention, the solidifying agent 
3 preferably has a melting point of from 20°C to 250°C, 

35 and more preferably of form 60°C to 150°C. When the 
melting point of the solidifying agent 3 is excessively low, 
it softens at a room temperature, leading to hard han- 
dling thereof and a poor productivity of the electrode 
plate. When the melting point thereof is excessively 

40 high, on the other hand, there occurs uneconomical 
problem in energy. 

The solidifying agent 3 preferably has viscosity of 
from 10 to 50,000 cP when the melting thereof, and 
more preferably of from 300 to 6,000 cP. When the vis- 

45 cosily of the solidifying agent 3 is excessively high, the 
solidifying agent 3 tends to not permeate easily into fine 
cavities of the active material coating layer 2, leading to 
a poor productivity of the electrode plate. When the vis- 
cosity thereof is excessively low, the solidifying agent 3 

50 in a molten state tends to spread over in the inside of 
the active material coating layer 2 in a direction along a 
plane parallel to the surface thereof by the capillary phe- 
nomenon, thus making it impossible to form a sharp pat- 
tern. It is preferable to limit an adhesive strength be- 

55 tween the solidifying agent 3 and the collector 1 to a 
value as smaller as possible, in the light of workability 
in the peeling step. 

As concrete examples of the solidilying agent 3, 
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there may be listed the following: (1 ) thermoplastic resin 
such as polyolefin resin such as polyethylene, polypro- 
pylene and the like; polyvinyl chloride resin; polystyrene; 
polyvinyl acetate resin; ethylene-vinyl acetate copoly- 
mer; ethylene-vinyl chloride copolymer; and the like, (2) 5 
low molecular weight polyethylene, (3) low molecular 
weight polypropylene, (4) copolymer thereof, (5) syn- 
thetic wax such as micro-crystalline wax, polyethylene 
wax oxide, and the mixture thereof, (6) natural wax such 
as carnauba wax, and (7) derivative and mixture thereof, to 

As:a solidifying agent 3 other than the above-de- 
scribed; there may be used material which can trans- 
form from the liquid phase into the solid phase through 
a chemical reaction, for example, polymerization liquid 
material and cross-linking liquid material. As such po- is 
lymerization liquid material and cross-linking liquid ma- 
terial, there may be used polymerization liquid material 
and cross-linking liquid material used in a printing ink or 
a coating composition which have properties such as a 
thermosetting property, a catalytic-setting property, a 20 
setting property at a room temperature, a electron 
beam-setting property and an ultraviolet -setting proper- 
ty. Solidification of such kind of solidifying agent 3 may 
be carried out by heat, catalyst, the addition of a cross- 
linking agent, radiation of electron beam or ultraviolet. 25 

When the coating layer 2 is impregnated with the 
above-mentioned solidifying agent 3, it is necessary for 
the solidifying agent 3 to permeate through fine cavities 
in the coating layer 2 so as to reach the surface of the 
collector 1 . If the liquefied solidifying agent 3 is solidified 30 
before it reaches the surface of the collector 1 , a portion 
to be removed of the coating layer 2 may be left non- 
peeled even when the coating layer 2 impregnated with 
the solidifying agent 3 is peeledfrom the collector 1. In 
order to solve the above-mentioned problem, at least 35 
one of the collector 1 and the coating layer 2 may be 
heated to an appropriate temperature to delay the so- 
lidification of the solidifying agent 3, or the solidifying 
agent 3 having a low viscosity may be selected to in- 
crease the permeating velocity of thereof, or the solidi- 40 
fying agent 3 may be kept at a sufficiently high temper- 
ature to delay the solidification thereof. 

In case where a copper foil is used as the collector 
1 lor the negative electrode, the copper foil tends to be 
oxidized to produce a reddish surface thereof upon 45 
heating it to the temperature of at least 140°C. When 
the coating layer 2 is heated by means of a hot plate 
during applying (dropping) the solidifying agent 3, the 
increase in temperature of the hot plate to at least 1 40°C 
does not however cause the occurrence of the above- 50 
mentioned problem of oxidization of the copper foil, 
since the both surfaces of the copper foil are coated with 
the coating layers 2 and the heating is conducted from 
the side of the surface of the coating layer 2 onto which 
the solidifying agent 3 has been applied. -55 

In case where the pattern is formed on the one sur- 
face of the electrode plate, and then another pattern is 
formed on the other surface thereof, to respectively form 



the pattern at the same position on the both surfaces of 
the electrode plate, it is preferable to heat the coating 
layer 2 by means of extreme infrared radiation or the like 
from the side of the surface on which the pattern is to 
be formed, to keep the exposed back surface of the col- 
lector 1 at a temperature of under 1 40°C, in order to pre- 
vent the exposed surface of the copper foil from being 
oxidized. 

With respect to a method of permeating the solidi- 
fying agent 3 through the coating layer 2 on the basis of 
the pattern, there are many methods, i.e., a method of 
applying the solidifying agent 3 in the molten state onto 
the coating layer 2, a method of arranging a solid body 
made of the solidifying agent 3 on the basis of the pat- 
tern on the coating layer 2 and heating the coating layer 
2 to melt the solidifying agent 3 which is in contact with 
the coating layer 2 so as to impregnate the coating layer 
2 with the solidifying agent 3, a method of previously 
preparing a stencil having a prescribed pattern, and ap- 
plying the solidifying agent 3 onto the coating layer 2 
with the use of the stencil to impregnate the coating layer 
2 with the solidifying agent 3, and the like. In case where 
the solidifying agent 3 in the molten state is applied onto 
the coating layer 2, it is possible to use a conventional 
coating apparatus such as a dispenser, a gravure roll, 
a die head and the like. For example, if the dropping 
apparatus for the solidifying agent as shown in FIG. 1 is 
secured to an x-axis and y-axis plotter type driving ap- 
paratus, it is possible to drop the solidifying agent 3 
based on the prescribed pattern in accordance with the 
movement of the x-axis and y-axis plotter. When the x- 
axis and y-axis plotter is moved so as to draw a charac- 
ter, a figure or a pattern, the solidifying agent 3 is 
dropped to draw the above-mentioned prescribed char- 
acter, figure or pattern. 

The portion of the coating layer 2 impregnated with 
the solidifying agent is normally stuck to the collector 1 
in a smaller strength, and this portion can easily be 
peeled. With respect to a peeling means, tension may 
be imparted to the collector 1 to lift up the portion of the 
coating layer 2 impregnated with the solidifying agent 
from the collector 1 so as to perform the peeling thereof, 
or it may be peeled from the collector 1 by means of a 
spatula, or it may be peeled with the use of an adhesive 
tape, or it may be peeled from the collector 1 by the blow- 
ing of air. 

The impregnation of the coating layer with the so- 
lidifying agent 3 may be carried out before or after the 
pressing step described later of the coating layer 2. 

Description will be given of each of materials of 
which the electrode plate is composed, in case where 
the process of the present invention is applied to the 
production of the electrode plate for a secondary battery 
with a noaqueous electrolyte. The secondary battery 
with a noaqueous electrolyte may be exemplified by a 
lithium secondary battery, and is characterized in the 
use of the nonaqueous organic solvent as an electrolyte. 
For example, there is used an electrode plate in which 
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the coating layer (i.e., the active material coating layer) 
containing the adive material for the electrode is formed 
on the collector made of a metallic foil, and the nonaque- 
ous organic solvent is used as an electrolyte. In this bat- 
tery, charge and discharge can be performed by inter- s 
change of electrons during the movement of a lithium 
ion between the positive electrode and the negative 
electrode. 

The coating layer containing the active material, of 
which the electrode plate for a secondary battery with a 10 
nonaqueous electrolyte of the present invention, can be 
formed by the coating composition for the electrode 
which comprises active material and a binder. As an ac- 
tive material for the positive electrode used in the 
present invention, there may be used at least one kind is 
of lithium oxides such as LiCo0 2 , LiMn 2 0 4 and the like, 
and chalcogen compounds such as TiS 2 , Mn0 2 , Mo0 3 , 
V 2 O s and the like. 

As an active material for the negative electrode, it 
is preferable to use metallic lithium, lithium alloy and car- 20 
bonacious material such as graphite, carbon black, 
acetylene or the like. When LiCoG 2 is used as the active 
material for the positive electrode and the carbonacious 
material is used as the active material for the negative 
electrode, it is possible to obtain a lithium secondary bat- 25 
tery having a high discharge voltage of about 4 volt. It 
is preferable to disperse uniformly these active materi- 
als in the coating layer as formed. For this reason, it is 
preferable to use powder of the active material having 
a particle size of from 1 to 1 00 p m and an average par- 30 
tide size of about 10 u. m. 

As a binder used in the process of the present in- 
vention, there may be selectively used for example ther- 
moplastic resin, i.e., polyester resin, polyamide resin, 
polyacrylic acid-ester resin, polycarbonate resin, poly- 35 
urethane resin, cellulose resin, polyolefin resin, polyvi- 
nyl resin, fluororesin and polyimide resin. In this case, 
compounds in which reactive functional group is intro- 
duced (i.e., acrylate monomer or oligomer) may be si- 
multaneously mixed. The acrylate monomer and the ol- 40 
igomer may be used alone or in combination. 

The coating layer containing the active material, of 
which the electrode plate for a secondary battery with a 
nonaqueous electrolyte of the present invention, can be 
prepared in the following manner. First, the coating com- 45 
position to be applied onto the collector is prepared with 
the use of the above-described materials. More specif- 
ically, the binder and the powdery active material, which 
are properly selected from the above-mentioned mate- 
rials, are kneaded or dissolved in a state of dispersion so 
with the use of an appropriate dispersing agent to pre- 
pare the coating composition for the electrode plate. 

Then, the thus prepared coating composition is ap- 
plied on the collector. As a coating method, a conven- 
tional coating method such as a gravure coating meth- ss 
od, a die coating or a slide coating may be used. Then, 
the coating composition is dried by carrying out a drying 
step to prepare a coating layer having a prescribed 



thickness. 

As a collector used in the electrode plate of the 
present invention for a secondary battery with a non- 
aqueous electrolyte, it is preferable to use a metallic foil 
s such as for example an aluminum foil, a copper foil or 
the like. Such a metallic foil preferably has a thickness 
of from about 1 0 ji m to about 30 u m. 

Description will be given below of a concrete meth- 
od for preparing the coating composition for the elec- 
ts trode plate used in the present invention, which contains 
the active material. First, the binder and the powdery 
active material which are appropriately selected from 
the above-described materials, are added to a dispers- 
ing medium comprising an organic solvent such as tol- 
is uene, and a conductive agent is added to the dispersing 
medium, as an occasion demands, to prepare a mixture. 
The thus prepared mixture is subjected to a mixing and 
dispersing process withThe'use of the conventional dis- 
persing apparatus such as a homogenizer, a ball mill, a 
20 sand mill, a roll mill and the like. 

In this stage, there may be applied the same mixing 
ratio of the binder and the active materiai as the con- 
ventional mixing ratio thereol. There may preferably be 
applied the mixing ratio of the binder : the active material 
25 = 2:8 through 1 :9. As a conductive agent added as an 
occasion demands, there may be used for example car- 
bonacious material such as graphite, carbon black, 
acetylene black or the like. 

The thus prepared coating composition for the elec- 
30 trode plate, containing the active material, is applied on 
the collector made of a metallic foil such as an aluminum 
foil, a copper foil and the like with the use of a gravure 
coater, a gravure reverse coater a die coater or the like, 
and then dried. The applying step and the drying step 
35 are carried out several times to prepare a coating layer 
having the thickness of from 10 to 200 u, m, preferably 
offrom 50 to 170 n m. 

The coating layer obtained by carrying out the 
above-mentioned applying and drying steps is prefera- 
to bly subjected to a press treatment with the use of a me- 
tallic roll, a heating roll, a sheet pressing machine or the 
like, to prepare the electrode plate of the present inven- 
tion, in order to improve homogeneousness of the coat- 
ing layer. The pressing condition of from 500kgf/cm 2 to 
'5 7,500kgf/cm 2 more preferably of from 3,000kgf/cm 2 to 
5,000kgf/cm 2 may be applied to the above-described 
press treatment. With a pressing force of under 500kgf/ 
cm 2 , the homogeneousness of the coating layer may not 
sufficiently be improved. With a pressing force of over 
■0 7,500kgf/cm 2 , the electrode plate itself including the col- 
lector may be broken, thus causing an unfavorable prob- 
lem. 

In case where the secondary battery is produced 
with the use of the electrode plate of the present inven- 
5 tion, which has been prepared in the above-described 
manner, it is preferable to apply a heating treatment and 
a decompression treatment to the electrode plate prior 
to the assembling step of the secondary battery, in order 
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to remove moisture in the coating layer of the electrode 
plate, which contains the active material. The process 
of the present invention for producing a porous coating 
layer is applied to the electrode plate prepared in the 
above-described manner. 

In case where the lithium secondary battery is pro- 
duced with the use of the thus prepared electrode 
plates, as positive and negative plates, of the present 
invention for a secondary battery with a nonaqueous 
electrolyte, there is used, as an electrolyte, a nonaque- 
ous electrolyte which is obtained by dissolving lithium 
salts as solute into an organic solvent. 

- In this stage, there may be used, as an organic sol- 
vent, cyclic esters, chain esters, cyclic ethers, chain 
ethers or the like. The cyclic esters may be exemplified 
by propylene carbonate, butylene carbonate, y-buthyro- 
lactone, vinylene carbonate, 2-methyl-y-buthyrolac- 
tone, acetyl-y-buthyrolactone and y-valerolactone. The 
chain esters may be exemplified by dimethyl carbonate, 
diethyl carbonate, dibutyl carbonate, dipropyl carbon- 
ate, methyl ethyl carbonate, methyl butyl carbonate, me- 
thyl propyl carbonate, ethyi butyl carbonate, ethyl propyl 
carbonate, butyl propyl carbonate, propionic acid alkyl 
ester, malonic acid dialkyl ester and acetic acid alkyl es- 
ter. The cyclic ethers may be exemplified by tetrahydro- 
furan, alkyltetrahydrofuran, dialkyldialkyltetrahydro- 
furan, alkoxytetrahydrofuran, dialkoxytetrahydrofuran, 
1 ,3-dioxolan, alkyl-1,3-dioxolan and 1 ,4-dioxolan. The 
chain ethers may be exemplified by 1 ,2-dimethox- 
yethane, 1,2-diethoxyethane, diethyl ether, ethylene 
glycol dialkylether, diethylene glycol dialkylether, Meth- 
ylene glycol dialkylether and tetraethylene glycol di- 
alkylether. 

As lithium salts as solute forming the nonaqueous 
electrolyte in cooperation with the above-mentioned or- 
ganic solvent, there may be used inorganic lithium salt 
such as LiCI0 4 , UBF 4 , LiPF 6 , LiAsF 6 , LiCI, LiBr or the 
like, or organic lithium salt such as LiB(C 6 H 5 ) 4 , LiN 
(S0 2 CF 3 ) 2 , LiC(S0 2 CF 3 ) 3 , LiOS0 2 CF 3 , LiOS0 2 C 2 F 5 , 
LiOS0 2 C 3 F 7 , LiOS0 2 C 4 F 9 . LiOS0 2 C 5 F 11 , 

LiOS0 2 C 6 F 13 , LiOS0 2 C 7 F 15> or the like. 

Although the process of the present invention for 
producing porous coating layer is described to be ap- 
plied to the production of the electrode plate for a sec- 
ondary battery with a nonaqueous electrolyte, the appli- 
cation of the process of the present invention is not lim- 
ited only to the above-described application, and the 
process of the present invention can also be applied for 
the other object. 

The above-mentioned other object may be exem- 
plified by the production of a substrate for a plasma-dis- 
play panel. For example, in a back surface plate of the 
plasma-display panel, an electrode (generally made of 
gold) is formed on the surface of a substrate made of 
glass through a primer layer. The primer layer is required 
to be formed by the coating method on an inside region 
of the surface of the glass substrate, which is apart from 
the periphery thereof by about 5mm, in order to prevent 



the peripheral portion from being unclean. The above- 
mentioned primer layer can be formed, for example, by 
applying paste which comprises frit of lead glass of 80 
wt.%, a resin binder of 1 wt.% such as ethylcellulose 
5 and the balance being a solvent, and has viscosity of 
about 80,000 cP onto the surface of the substrate and 
drying and sintering same. 

In the application method of the paste, it is hard to 
form the primer layer on an inside region of the surface 
10 of the glass substrate, which is apart from the periphery 
thereof by about 5mm. However, when the process of 
the present invention is utilized in the production of the 
above-mentioned plasma-display panel, it is possible to 
form the primer layer on the glass substrate on the basis 
*5 of the precise pattern by applying the paste, i.e., the 
coating composition for the primer layer on the entire 
surface of the glass substrate and drying same, then 
peeling the peripheral portion of the primer layer having 
a width of about 5 mm to remove same from the glass 
20 substrate, and then sintering the glass substrate having 
the primer layer on the basi of the precise pattern. 

Now, the present invention in the second group will 
be described in detail below. 

The electrode plate of the present invention in the 
25 second group may be composed either of an original 
sheet having a series of plural plates as shown in FIG. 
7(a), or of a single plate which is obtained by cutting the 
original sheet along lateral lines as shown in FIG. 7(a). 
In FIG. 8, a terminal 7 is connected to a portion of the 
30 surface of the collector, which is exposed on the basis 
of the prescribed pattern. 

According to the present invention, it is possible to 
produce the electrode plate in which the active material 
layer is partially removed on the basis of the prescribed 
35 pattern. As shown in FIG. 9, the active material layer 2 
which comprises active material and a binder is formed 
on a collector 1. A peeling sheet 8 impregnated with 
thermoplastic resin is placed on the surface of the active 
material layer 2. The peeling sheet 8 suffices to have an 
40 area larger than a region of the active material layer 2 
to be removed, and may have either an area covering 
the entire active material layer 2, or an area covering 
only the region of active material layer to be removed. 
Then, a pressure heating body 9 is pressed on the sur- 
45 face of the above-mentioned peeling sheet 8 as shown 
in FIG. 10. The pressure heating body 9 is composed of 
a metallic body which has a built-in heater and permits 
a temperature control thereof. The pressure healing 
body 9 has substantially the same bottom shape as the 
50 region of the active material layer 2 to be removed. 

The thermoplastic resin with which the peeling 
sheet is impregnated is melted and permeates through 
the porous active material layer 2 by pressing the pres- 
sure heating body 9 on the peeling sheet 8 to heat the 
5S thermoplastic resin as shown in FIG. 10, or heating the 
thermoplastic resin from the side of the collector 1 as 
shown in bold arrows as shown in FIG. 10. The pressure 
heating body 9 is lifted up from the peeling sheet 8, and 
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then, the collector 1 with the active material layer 2 and 
the peeling sheet 8 are kept at a room temperature, or 
subjected to a forced cooling. Alternately, the heating of 
the thermoplastic resin from the side of the collector 1 
is stopped, and then the collector 1 with the active ma- $ 
terial layer 2 and the peeling sheet 8 are kept at a room 
temperature, or subjected to a forced cooling. Then, the 
thermoplastic resin permeating through the active ma- 
terial layer 2 rapidly solidifies. The thus solidified ther- 
moplastic resin adheres to the peeling sheet 8 in a suf- io 
ficient strength. After completion of the cooling, when 
the peeling sheet 8 is peeled from the active material 
layer 2, then only the portion 2a to be removed of the 
active material layer 2, impregnated with the thermo- 
plastic resin can be peeled together with the peeling is 
sheet 8 from the surface of the collector 1 . If the portion 
2a to be removed of the active material layer 2 is sepa- 
rated from the peeling sheet, and the portion 2a is left 
on the collector 1, this portion 2a may be peeled with 
the use of a suitable peeling means. The non-coated 20 
portion (i.e., peeled portion) having a sharp edge can 
easily be formed on the collector 1 on the basis of the 
prescribed pattern in this manner. 

Then, description will be given of materials used for 
carrying out the present invention. 25 

As a collector used in the electrode plate of the 
present invention for a secondary battery with a non- 
aqueous electrolyte, it is preferable to use a metallic foil 
such as for example an aluminum foil, a copper foil or 
the like. Such a metallic foil preferably has a thickness 30 
of from about 5 ji m to about 30 \x m. 

In the present invention, either the active material 
layer for the positive electrode, orthe active material lay- 
er for the negative electrode is formed on the collector 
1 . A coupling agent layer may be formed on the surface 35 
of the collector 1 in order to improve the adhesivity be- 
tween the collector 1 and the active material layer for 
the positive or negative electrode. As a coupling agent 
used for the formation of the coupling agent layer, there 
may be used a coupling agent having an excellent ad- *o 
hesivity to both of the collector 1 made of a metallic foil 
and the active material layer, which is appropriately se- 
lected from the coupling agents such as a silane-cou- 
pling agent, a titanate-coupling agent, an aluminum- 
coupling agent and the like. 

The silane-coupling agent may be exemplified by y- 
(2-aminoethyl) aminopropyl trimethoxy silane, y-(2-ami- 
noethyl) aminopropyl melhyldimethoxy silane, p- 
(3,4-epoxycyclohexyl) ethyltrimethoxy silane, y-meth- 
acryloxypropyl trimethoxy silane, N-(3-(N-vinylbenzil- so 
aminoethyl)-y-aminopropyl trimethoxy silane-hydro- 
chloric acid salt, y-glycidoxypropyl trimethoxy silane, 
amino silane, y-mercaptopropyl trimethoxy silane, me- 
thyl trimethoxy silane, methyl triethoxy silane, vinyltriac- 
etoxy silane, y-chloropropyl trimethoxy silane, hexame- 55 
thyldisilazine, y-anilinopropyl trimethoxy silane, vinyltri- 
methoxy silane, vinyltriethoxy silane, vinyltris ((3-meth- 
oxyethoxy) silane, octadecyldimethyl [3-(trimethoxysi- 



lyl) propyl] ammonium chloride, y-mercaptopropyl meth- 
yldimethoxy silane, methyltrichloro silane, dimethyl- 
dichloro silane and trimethylchloro silane. 

The titanate-coupling agent may be exemplified by 
isopropyltriisostearoyl titanate, isopropyltridodecylben- 
zenesulfonyl titanate, isopropyltris (dioctylpyrophos- 
phate) titanate, tetraisopropylbis (dioctylphosphite) ti- 
tanate, tetraoctylbis (ditridecylphosphite) titanate, tetra 
(2,2-diaryloxymethyl) bis (ditridecyl) phosphite titanate, 
bis (dioctylpyrophospate)oxyacetate titanate, bis (dioc- 
tylpyrophospate) ethylene titanate, isopropyltrioctanoil 
titanate, isopropyldimathacrylisostearoyl titanate, iso- 
propylisostearoyldiacryl titanate, isopropyltri (dioctyl- 
phosphate) titanate, isopropyltricumylphenyl titanate, 
isopropyltri (N-amidoethyl • aminoethyl) titanate, di- 
cumylphenyloxyacetate titanate and diisostearoylethyl- 
en titanate. 

The aluminum-coupling agent may be exemplified 
by acetoalkoxyaluminumdiisopropylate. 

As a method of forming the layer made of the above- 
mentioned coupling agent on the surface of the collec- 
tor, there may be applied a method of applying either a 
coating composition obtained by dissolving the coupling 
agent into a liquid mixture of water and an organic sol- 
vent, or a coating composition obtained by dissolving 
the coupling agent into an organic solvent, onto the sur- 
face of the collector. In this stage, a pH value of the coat- 
ing composition may be adjusted within a range of from 
3 to 5, in order to promote a hydrolysis action of the cou- 
pling agent. As a catalyst for hydrolysis of the coupling 
agent, there may be added for example hydrochloric ac- 
id, acetic acid or the like. In order to promote a dehydra- 
tion action between the coupling agent and the surface 
of the collector, the applied coupling agent may be heat- 
ed at a temperature of from 120°C to 130°C. As the 
above-mentioned organic solvent for the coupling 
agent, there may be used methanol, ethanol, isopropy- 
lalcohol, toluene, benzene, acetone, tetrahydrafuran, 
cellosolve methyl, or the like. 

As a method of applying the coupling agent onto the 
surface of the collector made of a metallic foil, there may 
be used a conventional coating method such as a gra- 
vure coating method, a gravure reverse coating method, 
a roll coating method, a Mayer bar coating method, a 
blade coating method, a knife coating method, an air 
knife coating method, a slot die coating method, a slide 
die coating method, a dip coating method or the like. 
The coupling layer preferably has a thickness within a 
range of from 0.001 to 5 p m in a dried condition. 

As an active material tor the positive electrode used 
in the present invention, there may be used at least one 
kind of lithium oxides such as LiCo0 2 , UNi0 2 , LiMn 2 0 4 
and the like, and chalcogen compounds such as TiS 2 , 
Mn0 2 , Mo0 3: V 2 O s and the like. As an active material 
for the negative electrode, on the other hand, it is pref- 
erable to use metallic lithium, lithium alloy and carbon- 
acious material such as graphite, carbon black and acet- 
ylene, or material capable of intercalating lithium ions. 
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When LiCo0 2 is used as the active material for the pos- 
itive electrode and the carbonacious material is used as 
the active material tor the negative electrode, it is pos- 
sible to obtain a lithium secondary battery having a high 
discharge voltage of about 4 volt. s 

It is preferable to disperse uniformly these active 
materials in the coating layer as formed. For this reason, 
it is preferable to use powder of the active material hav- 
ing a particle size of from 1 to 100 \i m and an average 
particle size of about 10 pm. io 

.Ms a binder used for the coating composition con- 
taining the above-mentioned active material in the proc- 
ess of the present invention, there may be used for ex- 
ample thermoplastic resin such as polyester resin, 
polyamide resin, polyacrylic acid-ester resin, polycar- is 
bonate resin, polyurethane resin, cellulose resin, poly- 
olefin resin, polyvinyl resin, fluororestn, polyimide resin 
or the like; thermosetting resin such as rubber type res- 
in, acrylic resin, urethane resin or the like; ionizing radi- 
ation-setting resin such as acrylate monomer, oligomer 20 
or the mixture thereof; or the mixture of these kinds of 
resin. 

Description will be given below of a concrete meth- 
od for preparing the coating composition for the elec- 
trode plate used in the present invention, which contains 25 
the active material. First, the binder and the powdery 
active material which are appropriately selected from 
the above-described materials, are added to a dispers- 
ing medium comprising an organic solvent such as tol- 
uene, methyl ethyl ketone, N-methylpyrrolidone, the 30 
mixture thereof or the like, and a conductive agent is 
added to the dispersing medium, as an occasion de- 
mands, to prepare a mixture. The thus prepared mixture 
is subjected to a mixing and dispersing process with the 
use of the conventional dispersing apparatus such as a 35 
homogenizer, a ball mill, a sand mill, a roll mill and the 
like. 

In the preparation of the above-mentioned coating 
composition, a total amount of the active material and 
the binder is preferably within a range of from about 40 40 
to 80 wt. parts relative to 1 00 wt. parts of the whole coat- 
ing composition, and the ratio of the active material to 
the binder is preferably within a range of from 9:1 to 8: 
2. As a conductive agent added as an occasion de- 
mands in the preparation of the coating composition, 45 
there may be used tor example carbonacious material 
such as graphite, carbon black, acetylene black or the 
like. 

As a method of applying the coating composition on 
the surface of the collector made of a metallic foil, there so 
may be used a conventional coating method such as a 
gravure coating method, a gravure reverse coating 
method, a roll coating method, a Mayer bar coating 
method, a blade coating method, a knife coating meth- 
od, an air knife coating method, a slot die coating meth- ss 
od, a slide die coating method, a dip coating method or 
the like. 

The active material layer may be formed by apply- 



ing the coating composition with the use of a coating 
apparatus. The coating apparatus will be described be- 
low with reference to FIG. 12. The coating apparatus 10 
comprises an x-axis and y-axis direction driving robot 
1 1 and a nozzle 1 2. According to the coating apparatus 
10, the coating composition is applied onto the surface 
of the collector 1 to form a coating composition layer 2b 
by, while discharging the coating composition contained 
in a liquid container 14 called as a dispenser through 
the nozzle 12 provided at the lower end thereof, on the 
collector 1 which is movable in the Y-direction on a sup- 
port 13 located in parallel with the x-axis and y-axis di- 
rection driving robot 11, moving the liquid container 14 
in the X-direction along the surface of the collector 1. 

The coating composition is supplied from a tank 16 
to the liquid container 14 through a flexible pipe 15 under 
the control of a controller 1 7. 

The x-axis and y-axis direction driving robot 11 is 
secured to a bridge-shaped frame 19 which is fixed to 
a base 18 including the support so as to stride over the 
support 13. The robot 11 includes an x-axis driving 
mechanism 20 which is reciprocatively movable in the 
X-direction and supports the liquid container 14. The 
controller 17 for the supply of the coating composition 
and the movement of the x-axis driving mechanism 20 
in the X-direction is controlled by means of a controlling 
apparatus 21 provided on the base 18. The discharging 
port at the lower end of the nozzle 12 is arranged in the 
vicinity of the surface the collector 1. The distance be- 
tween the discharge port of the nozzle 12 and the sur- 
face of the collector 1 are previously determined so as 
to be consistent with a target thickness of the coating 
composition layer 2b to be formed by the application of 
the coating composition. 

The controlling apparatus 21 controls the driving of 
the x-axis driving mechanism 20 as described below. 

According to a typical example of a control program, 
the liquid container 14 having the nozzle 12 is reciproc- 
atively and linearly moved in the X-direction by means 
of the controlling apparatus 21, and the support 13 is 
carried in the Y-direction by a prescribed pitch. Here, the 
above-mentioned pitch is previously determined not so 
as to become larger than a width of a coating composi- 
tion applied by the nozzle 12, thus making it possible to 
prevent a gap from being formed between linear narrow 
coating layers which are adjacent to each other in the 
Y-direction, to permit the coating of the entire area on 
the basis of the prescribed pattern. 

The pitch in the width direction of the linear coating 
layers may be determined depending upon parameters 
such as a diameter of the discharge port of the nozzle 
12, a discharging pressure, viscosity of the coating com- 
position and its surface tension. 

The controlling apparatus 21 is previously pro- 
grammed so that, when the collector 1 is carried in the 
Y-direction by one pitch after the completion of the for- 
mation of one linear narrow coating layer by the driving 
of the nozzle 12 in the X-direction, the application of 
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pressure to the liquid container 14 is ceased to stop the 
discharge of the coating composition from the nozzle 1 2. 

Then, description will be given the step of applying 
the coating composition on the collector 1 with the use 
of the coating apparatus 10. 5 

The coating composition is supplied to the liquid 
container 14 under the control of the controller 17, and 
the liquid container 14 having the nozzle 12 is simulta- 
neously moved linearly in the X-direction by means of 
the x-axis driving mechanism 20, to form the first linear io 
narrow coating composition layer. The pressure applied 
to the liquid container 1 4 is kept constant during the for- 
mation of the linear narrow coating composition layer. 

After the completion of the formation of the first lin- 
ear narrow coating composition layer, the discharge of is 
the coating composition from the nozzle 12 is stopped, 
and accordingly it is possible to prevent the thickness of 
the end portion of the linear narrow coating composition 
layer 2b from becoming larger than that of the other por- 
tion thereof. 20 

Then, the collector 1 is carried in the Y-direction by 
one pitch, and the nozzle 12 is driven in the opposite 
direction to the forming direction of the first linear narrow 
coating composition layer by the x-axis driving mecha- 
nism 20, to form the second linear narrow coating com- 25 
position layer. 

A plurality of linear narrow coating composition lay- 
ers are formed by repeating the above-mentioned steps 
so as to form the coating composition layer 2b. The thus 
formed coating composition layer 2b is dried to form the 30 
coating layer 2. Thus, the coating composition can be 
applied to the collector 1 by controlling the movement 
of the nozzle in the X and Y-directions by means of the 
controlling apparatus 21 , and carrying the collector 1 . 

, The discharge port at the lower end of the nozzle 35 
12 of the coating apparatus 10 may have a circular or 
oval cross-sectional shape, or may have a slit-shape. 
The nozzle 1 2 may comprise a multiple-type nozzle hav- 
ing a plurality of small nozzles. The use of the nozzle in 
which the discharge port has the oval cross-sectional *o 
shape or the slit-shape, permits to increase the width of 
the linear narrow coating composition layer, thus in- 
creasing the coating velocity. 

Although the coating apparatus is described to have 
a single nozzle 12, a plurality of nozzles 12 may be pro- 
vided at a prescribed interval which is an integral multi- 
ple of the pitch in the linear narrow coating composition 
layers in the Y-direction. 

In this case, both of the distance between the "N"th 
nozzle and the M N+ 1 "th nozzle in the Y-direction, and the so 
distance between the "N+2"th nozzle and the "N+1"th 
nozzle in the Y-direction are previously determined to 
be identical with an integral multiple of the pitch in the 
linear narrow coating composition layers in the Y-direc- 
tion, and the former distance is previously determined ss 
to be identical with the latter distance. The respective 
nozzles may be driven in synchronization with each oth- 
er or may be driven in non-synchronization with each 



other. 

The use of the plurality of nozzles permits to in- 
crease the coating velocity, since the application of the 
coating composition is carried out by the plurality of noz- 
zles. Although there is described that, in coating appa- 
ratus 10, the coating composition is applied on the col- 
' lector 1 by moving the collector 1 in the Y-direction and 
moving the liquid container 14 in the X-direction by 
means of the x-axis driving mechanism 20, the coating 
apparatus used in the present invention is not limited 
only to the above-described type of the apparatus, and 
the application of the coating composition may be car- 
ried out by stationarily arranging the collector and mov- 
ing the liquid container 14 in the X and Y-directions. 

Although there is described that, in the coating ap- 
paratus 1 0, the distance between the nozzle 1 2 and the 
surface of the collector 1 is previously determined to be 
identical with the target thickness of the coating compo- 
sition layer 2b, the present invention is not limited only 
to such an arrangement, and the linear narrow coating 
composition layers may be formed by dripping the coat- 
ing composition in the form of threads from the nozzle 
12 which is apart from the collector 1 by a relatively long 
distance. 

The distance between the nozzle 1 2 and the collec- 
tor 1 may previously be determined to be smaller than 
the target thickness of the coating composition layer 2b, 
and the application of the coating composition may be 
carried out in such an arrangement. 

Then, the drying step is carried out to remove the 
dispersing medium from the coating composition layer 
2b formed as described above in the following manner, 
to prepare an active material layer. 

As a heat source in the drying step, there may be 
used hot air, infrared radiation, microwave, high-fre- 
quency wave, or the combination thereof. The coating 
composition layer may be dried by heat radiated from 
the metallic rollers, the metallic sheet, and the like which 
support the collector 1 in the drying step. The active ma- 
terial layer has a thickness of from 10 to 200 u. m, pref- 
erably of from 50 to 1 50 m. The coating amount of the 
coating composition is previously determined so that the 
resultant active material layer has a thickness within the 
above-mentioned range. In order to improve homoge- 
neousness of the coating layer formed by carrying out 
the above-described applying and drying steps, ihere 
may be added tothe drying step, a step of pressing softly 
a film having a flat surface made of a polyethylene 
terephthalate, or the like on the surface of the coating 
layer, and then, peeling the film therefrom to make the 
surface of the coating layer smooth. In case where the 
secondary battery is produced with the use of the elec- 
trode plate of the present invention, which has been pre- 
pared in the above-described manner, it is preferable to 
apply a heating treatment and a decompression treat- 
ment to the electrode plate prior to the assembling step 
of the secondary battery, in order to remove moisture in 
the coating layer of the electrode plate, which contains 
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the active material. 

The peeling sheet used for peeling the active ma- 
terial layer formed in the aforementioned manner on the 
basis of the prescribed pattern in the present invention, 
is a porous sheet impregnated with the thermoplastic 
resin. As a porous sheet, there may be used material 
having excellent impregnation property with the thermo- 
plastic resin, for example : woven fabric cloth, knitted 
cloth, nonwoven fabric cloth, or the like. The porous 
sheet:preferably has a good adhesivity to the active ma- 
terial.Jayer impregnated with the thermoplastic resin as 
shown in FIG. 11 . It is more preferable to use nonwoven 
fabric cloth satisfying the above-described requiremnts. 
The more preferable nonwoven fabric cloth has a suffi- 
cient thickness and a large porosity so as to permit the 
impregnation with the thermoplastic resin and the peel- 
ing of the active material layer. It is preferable to use 
nonwoven fabric cloth having an uniform fibroid form, in 
order to permit the uniform peeling of the active material 
layer. 

The peeling sheet used in the present invention is 
obtained by the sufficient impregnation of the above- 
mentioned porous sheet with the thermoplastic resin. 
Other than the above-mentioned thermoplastic resin, 
there may be used material which is easily melted by 
heat, for example, low-molecular weight polyethylene, 
polypropylene, derivatives thereof, many kinds of wax, 
or the like. Such materials preferably have a heat resist- 
ant property, and a poor adhesivity to the collector made 
of the metallic foil as well as a low extensibility for the 
precise formation of the non-coated portion on the basis 
of the .prescribed pattern. 

In view of the object of the present invention, the 
thermoplastic resin preferably has a melting point of 
from ;100°C to 250°C, and more preferably of form 
120°C to 170°C. When the melting point of the thermo- 
plastic resin is excessively low, it softens at a room tem- 
perature, leading to hard handling thereof and a poor 
productivity of the electrode plate. When the melting 
point thereof is excessively high, on the other hand, 
there occurs uneconomical problem in energy, and the 
collector as a substrate may be damaged when causing 
the impregnation of the active material layer with the 
thermoplastic resin. 

The thermoplastic resin preferably has viscosity of 
from 100 to 50,000 cP when the melting thereof, and 
more preferably of from 400 to 6,000 cP. When the vis- 
cosity of the thermoplastic resin is excessively high, 
there occurs uneconomical problem in energy. When 
the viscosity thereof is excessively low, the thermoplas- 
tic resin in a molten state tends to spread over in the 
inside of the active material coating layer 2 in a direction 
along a plane parallel to the surface thereof by the cap- 
illary phenomenon, thus making it impossible to form a 
sharp pattern. ; 

Polyethylene or polypropylene suitably used as the 
thermoplastic resin in the present invention may be ex- 
emplified by that of a non-oxidized low density type, a 
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non-oxidized middle density type, a non-oxidized high 
density type, an oxidized low density type, an oxidized 
middle density type, an oxidized high density type, a 
non-polarity type, a polarity type, a fine powdery type or 
5 the like : and any one of them is applicable to the present 
invention. Such a thermoplastic resin may be permeat- 
ed through the sheet such as the above-mentioned non- 
woven fabric cloth by any conventional method, for ex- 
ample, a method of immersing the nonwoven fabric 
to cloth into the thermoplastic resin in the molten state, to 
cause the impregnation of the nonwoven fabric cloth 
with the thermoplastic resin. An amount of permeated 
thermoplastic resin is preferably within a range of from 
about 50 to about 500g/m 2 , depending upon the thick- 
75 ness of the active material layer to be peeled. 

In the present invention, the above-mentioned peel- 
ing sheet is placed, as shown in FIGS. 7 to 11, on the 
active material layer formed in the above-described 
manner, and then the active material layer is partially 
20 peeled on the basis of the prescribed pattern. In this 
case, there may be used a pressure heating body such 
as for example a flat plate press, a roll press, or the like. 
Although the pressure required for the flat plate press is 
determined in relation to the heating temperature, it is 
25 preferably in a range of from 10 to 1 ,000kgf/cm 2 . Al- 
though the pressure required for the roll press is also 
determined in relation to the heating temperature, it is 
preferably in a range of from 5 to 500kgf/cm 2 . 

When the peeling sheet is heat-pressed on the ac- 
30 tive material layer, it is preferable to carry out the heating 
from the side of the collector. If the heating is carried out 
from the side of the peeling sheet, the thermoplastic res- 
in easily tends to be in a molten state, with the result 
that the thermoplastic resin may spread over a portion 
35 of the active material layer other than the portion to be 
peeled, thus causing an unfavorable problem. There 
may be provided an appropriate means for maintaining 
a prescribed distance between the pressure heating 
body and the active material layer, so as to prevent the 
^0 thermoplastic resin from being spread over the non-tar- 
get portion of the active material, and to prevent the 
peeling sheet from being collapsed during the heat- 
pressing step. The prescribed distance between the 
pressure heating body and the active material layer is 
«s preferably within a range of from 1 0 to 600 u, m which is 
identical with the thickness of the peeling sheet. After 
the completion of the heat-pressing step and the cooling 
step, even when the portion of the active material layer 
may not be peeled together with the peeling sheet, such 
>o a portion may easily be peeled by the other appropriate 
peeling means, since the thermoplastic resin permeates 
into the portion to be peeled of the active material layer, 
through which the portion thereof adheres to the collec- 
tor in a relatively small strength. For example, tension 
>5 is applied to the collector as a substrate during the peel- 
ing step, to lift up the portion to be peeled of the active 
material layer so as to remove same. Alternately, the 
portion thereof may be blown off with air. 
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In case where the lithium secondary battery is pro- 
duced with the use of the thus prepared electrode 
plates, as positive and negative plates, of the present 
invention for a secondary battery with a nonaqueous 
electrolyte, there is used, as an electrolyte, a nonaque- 
ous electrolyte which is obtained by dissolving lithium 
salts as solute into an organic solvent. 

As lithium salts as solute forming the nonaqueous 
electrolyte, there may be used inorganic lithium salt 
such as LiCI0 4 , LiBF 4 , LiPF 6 , LiAsF 6 , LiCI, LiBr or the 
like, or organic lithium salt such as LiB(C 6 H 5 ) 4 , LiN 
(S0 2 CF 3 ) 2 , LiC(S0 2 CF 3 ) 3 , LiOS0 2 CF 3 , LiOS0 2 C 2 F 5 , 
LiOS0 2 C 3 F 7 , LiOS0 2 C 4 F 9 , LiOSO^sF^, 

LiOS<0 2 C 6 F 13 , LiOS0 2 C 7 F l5 , or the like. 

In this stage, there may be used, as an organic sol- 
vent, cyclic esters, chain esters, cyclic ethers, chain 
ethers or the like. 

The cyclic esters may be exemplified by propylene 
carbonate, butylene carbonate, y-buthyrolactone, vi- 
nylene carbonate, 2-methyl-y-buthyrolactone, acetyl- y- 
buthyrolactone and 7-valerolactone. 

The chain esters may be exemplified by dimethyl 
carbonate, diethyl carbonate, dibutyl carbonate, dipro- 
pyl carbonate, methyl ethyl carbonate, methyl butyl car- 
bonate, methyl propyl carbonate, ethyl butyl carbonate, 
ethyl propyl carbonate, butyl propyl carbonate, propion- 
ic acid alkyl ester, malonic acid dialkyl ester and acetic 
acid alkyl ester. 

The cyclic ethers may be exemplified by tetrahydro- 
furan, alkyltetrahydrofuran, dialkyltetrahydrofuran, 
alkoxytetrahydrofuran, dialkoxytetrahydrofuran, 1,3-di- 
oxolan, alkyl-1,3-dioxolan and 1 ,4-dioxolan. 

The chain ethers may be exemplified by 1 ,2-dimeth- 
oxyethane, 1 ,2-diethoxyethane, diethyl ether, ethylene 
glycol dialkylether, diethylene glycol dialkylether, Meth- 
ylene glycol dialkylether and tetraethylene glycol di- 
alkylether. 

Now, the present invention in the third group will be 
described in detail below. 

The electrode plate of the present invention in the 
third group may be composed, as in the present inven- 
tion in the second group, either of an original sheet hav- 
ing a series of plural plates as shown in FIG. 7(a), or of 
a single plate which is obtained by cutting the original 
sheet along lateral lines as shown in FIG. 7(a). In FIG. 
8, a terminal 7 is connected to a portion of the surface 
of the collector, which is exposed on the basis of the 
prescribed pattern. 

The electrode plate of the present invention in the 
third group in which an active material layer is partially 
peeled on the basis of the prescribed pattern, can be 
produced in a manner as shown in FIGS. 13 and 14. 
More specifically, an active material layer 2 comprising 
active material layer and a binder is formed on a collec- 
tor by applying a coating composition thereon, and then, 
the thus formed active material layer is heated. Although 
any conventional heating method may be applied, it is 
preferable to heat the active material layer from the side 



of the collector 1 with the use of an appropriate heating 
means such as a hot plate as shown in FIGS. 13 and 
1 4. A heating temperature is kept over or equal to a tem- 
perature at which a formed body made of thermoplastic 
s resin is melted, for example in a range of from 30 to 
250°C, preferably of from 70 to 150°C. When the active 
material layer 2 is heated, a formed body made of ther- 
moplastic resin having substantially the same si2e as 
the portion to be peeled of the active material layer 2 is 

10 placed on a prescribed portion of the active material lay- 
er 2. In this stage, when the active material layer 2 is 
sufficiently heated, a pressing force as shown in arrows 
in FIG. 13, is not always required to be applied to the 
formed body 22. It is however preferable to apply pres- 

75 sure to the extent that the formed body 22 made of ther- 
moplastic resin is not largely deformed, in order to pro- 
mote the impregnation velocity of the thermoplastic res- 
in which is in a molten state. 

After the completion of the impregnation of the ther- 

20 moplastic resin, only the hot plate 23 is moved down- 
wardly, and then the collector 1 and the active material 
layer 2 impregnated with the thermoplastic resin are 
kept at a room temperature, or subjected to a forced 
cooling. Alternately, the heating of the thermoplastic res- 

2s in from the side of the collector 1 is stopped, and then 
the collector 1 and the active material layer 2 impreg- 
nated with the thermoplastic resin are kept at a room 
temperature, or subjected to a forced cooling. Then, the 
thermoplastic resin permeating through the active ma- 

30 terial layer 2 rapidly solidifies, with the particles therein 
surrounded by the thermoplastic resin. In this stage, 
when the formed body 22 made of the thermoplastic res- 
in is peeled, the portion 2a of the active material layer 2 
impregnated with the thermoplastic resin can also be 

35 peeled together with the formed body 22 : since the ad- 
hesive strength between the formed body 22 made of 
the thermoplastic resin and the active material layer 2 
is remarkably larger than the adhesive strength between 
the collector 1 and the active material layer 2. The non- 
40 coated portion (i.e. , peeled portion) having a sharp edge 
can easily be formed on the collector 1 on the basis of 
the prescribed pattern in this manner. 

FIG. 15 is a descriptive view illustrating the other 
embodiment of the present invention. In the embodi- 

45 rnent as shown in FIG. 15, there is used a formed body 
made of thermoplastic resin having substantially the 
same width as a prescribed width of the peeled portion 
to be formed of the active material layer 2 for the pur- 
pose of continuous impregnation of the portion to be 

so peeled of the active material layer 2, whereas in the em- 
bodiment as shown in FIG. 1 4, there is used the formed 
body 22 made of the thermoplastic resin having sub- 
stantially the same size as the portion to be peeled of 
the active material layer 2. 

55 More specifically, the active material layer 2 is heat- 
ed, as in the embodiment shown in FIG. 14, to a pre- 
scribed temperature, and the active material layer 2 is 
continuously moved in a direction of an arrow shown in 
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FIG. 1 5 to be impregnated with the thermoplastic resin , 
while pressing the formed body 22 made of the thermo- 
plastic resin on the heated surface of the active material 
layer. The moving velocity in the above-mentioned step 
is determined so that the active material layer is impreg- s 
nated with the thermoplastic resin in a sufficient amount 
thereof, taking into consideration a melting point or a 
softening point of the formed body 22 and a temperature 
of the active material layer 2. 

FIG. 16 shows an example of a step of peeling the 10 
active material layer 2 impregnated with the thermoplas- 
tic resin in accordance with the step as shown in FIG. 
15. FIG. 16(a) shows the thermoplastic resin in a solid- 
ified condition after the impregnation step and the cool- 
ing step When the electrode plate is bent to form a gen- ?5 
tie curved surface as shown in FIG. 16(b) in the above- 
mentioned state, cracks 24 tend to easily occur not only 
at the boundary between the impregnated portion 2a of 
the active material layer 2 and the non-impregnated por- 
tion (hereof, but also in the impregnated portion itself, 20 
since the impregnated portion of the active material lay- 
er 2 has a large density to be hard and brittle, whereas 
ihere is no occurrence of cracks and the peeling in the 
non impregnated portion of the active material layer 2, 
due Id the binder contained in the non-impregnated por- 25 
hon tnorool When the polypropylene wax is used, such 
a phenomenon occurs remarkably. The above-men- 
tioned cracks may occur through the shrinkage of the 
impf HgnHtod portion of the active material layer 2, when 
cooling \ 30 

in addition the adhesive strength between the col- 
lecto- >■ and the thermoplastic resin in the impregnated 
port»on of the active material layer 2 is smaller than that 
in the non-impregnated portion thereof. It is therefore 
poss bie to easily peel the impregnated portion of the 35 
active material layer 2 by scraping softly the impregnat- 
ed portion, or blowing air thereto in a state as shown in 
FIG 16(b) or a state in which the electrode plate is re- 
stored Irom the bending condition. The non-coated por- 
tion ( <c peeled portion) having a sharp edge can easily 40 
be termed on the collector 1 on the basts of the pre- 
scribed pattern in this manner. With respect to a method 
of impregnating the active material layer 2 with the ther- 
moplHstic rosin, there may be used a method of impreg- 
nating the active material layer 2 with the thermoplastic 45 
resin by arranging a lormed body made of thermoplastic 
resin and having a prescribed pattern on the active ma- 
terial Inyer 2 and healing the active material. layer 2, or 
ai 10II iei method of pressing a formed body made of ther- 
moplastic resin and having a prescribed pattern on the so 
healed active material layer 2 at a prescribed pressure 
to melt the thermoplastic resin which is in contact with 
the active material layer 2 and to impregnate the active 
material layer 2 with the thermoplastic resin. With re- 
spect to the step of peeling the impregnated portion 2a 55 
of the active material layer 2, there may be used any 
one of a method of vibrating the electrode plate, a meth- 
od of applying tension to the collector 1 to lift up the im- 



pregnated portion 2a, a method of peeling it with the use 
of an adhesive tape, to which the present process of the 
present invention is not however limited. 

As the formed body made of the thermoplastic resin 
for peeling the impregnated portion 2a of the active ma- 
terial layer 2 in the present invention, there may be used 
material which is easily melted by heat, i.e., thermoplas- 
tic resin generally used, as well as for example, low-mo- 
lecular weight polyethylene, polypropylene, derivatives 
thereof, many kinds of wax, or the like. Such materials 
preferably have a heat resistant property, and a poor ad- 
hesivity to the collector made of the metallic foil as well 
as a low extensibility for the precise formation of the non- 
coated portion on the basis of the prescribed pattern. It 
is also possible to impregnate the active material layer 
with polyethylene by cutting a film made of low molecu- 
lar weight polyethylene into a prescribed shape to form 
a formed body, placing the thus formed body on a por- 
tion to be peeled of the active material layer, and then 
melting the formed body with a prescribed pressure with 
the use of a heat plate. 

In view of the object of the present invention, the 
above-described thermoplastic resin preferably has a 
melting point of from 20°C to 250°C, and more prefera-. 
bly of form 60°C to 150°C. When the melting point of 
the thermoplastic resin is excessively low, it softens at 
a room temperature, leading to hard handling thereof 
and a poor productivity of the electrode plate. When the 
melting point thereof is excessively high, on the other 
hand, there occurs uneconomical problem in energy, 
and the collector as a substrate may be damaged when 
causing the impregnation of the active material layer 
with the thermoplastic resin. The thermoplastic resin 
preferably has viscosity of from 100 to 50,000 cP when 
the melting thereof, and more preferably of from 400 to 
6,000 cP When the viscosity of the thermoplastic resin 
is excessively high, there occurs uneconomical problem 
in energy. When the viscosity thereof is excessively low, 
the thermoplastic resin in a molten state tends to spread 
over in the inside of the active material coating layer 2 
in a direction along a plane parallel to the surface thereof 
by the capillary phenomenon, thus making it impossible 
to form a sharp pattern. 

Polyethylene or polypropylene suitably used as the 
thermoplastic resin in the present invention may be ex- 
emplified by that of a non-oxidized low density type, a 
non-oxidized middle density type, a non-oxidized high 
density type, an oxidized low density type, an oxidized 
middle density type, an oxidized high density type, a 
non-polarity type, a polarity type, a fine powdery type or 
the like : and any one of them is applicable to the present 
invention. There is used a formed body made of such a 
thermoplastic resin having an appropriate shape. 

It is necessary for the molten thermoplastic resin to 
permeate through fine cavities in the coating layer 2 so 
as to reach the boundary between the collector land the 
active material layer. If the molten thermoplastic resin is 
solidified before it reaches the boundary therebetween, 
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a portion to be removed of the coating layer 2 may be 
left non-peeled even when the resin-impregnated por- 
tion is peeled from the collector 1 . In order to solve the 
above-mentioned problem, the collector 1 may suffi- 
ciently be heated to delay the solidification of the ther- 5 
moplastic resin, or the thermoplastic resin having low 
viscosity may be selected to increase the permeating 
velocity of thereof, or the thermoplastic resin may be 
kept at a sufficiently high temperature to delay the so- 
lidification thereof. 10 

In case where there is applied a method of applying 
the thermoplastic resin in a molten state on the active 
material layer, according as a thickness of the active ma- 
terial layer is increased, there is required a long period 
of time of several ten seconds for the completion of per- ?s 
meation of the thermoplastic resin. There may be a case 
that complete permeation of the thermoplastic resin 
through the boundary between the active material layer 
and the collector cannot be achieved by one step, even 
when a lot of lime is taken. Accordingly, when the active 20 
material layer has a large thickness, one permeation 
step may require a period of time of from several ten 
seconds to several minutes, or the same permeation 
step must be repeated, as an occasion demands. 

When there is used, in replacement of the step of 2s 
applying the molten thermoplastic resin onto the active 
material layer, a step of pressing the formed body made 
of the thermoplastic resin to the active material layer, to 
cause only the portion of the thermoplastic resin, which 
is in contact with the active material layer, to be melted 30 
so as to permeate through the active material layer, it is 
possible to cause the thermoplastic resin to reach the 
surface of the collector for few seconds, thus permitting 
remarkable reduction in time required for forming the 
non-coating portion (i.e., the peeled portion) on the ba- 35 
sis of the prescribed pattern. 

Description will be given of each of materials of 
which the electrode plate is composed, in case where 
the process of the present invention is applied to the 
production of the electrode plate for a secondary battery 40 
with a noaqueous electrolyte. The secondary battery 
with a noaqueous electrolyte may be exemplified by a 
lithium secondary battery, and is characterized in the 
use of the nonaqueous organic solvent as an electrolyte. 
For example, there is used an electrode plate in which *s 
the coating layer (i.e., the active material coating layer) 
containing the active material for the electrode is formed 
on the collector made of a metallic foil, and the nonaque- 
ous organic solvent is used as an electrolyte. In this bat- 
tery, charge and discharge can be performed by inter- so 
change of electrons during the movement of a lithium 
ion between the positive electrode and the negative 
electrode. 

As a collector used in the electrode plate of the 
present invention for a secondary battery with a non- 55 
aqueous electrolyte, it is preferable to use a metallic foil 
such as for example an aluminum foil, a copper foil or 
the like. Such a metallic foil preferably has a thickness 



of from about 10 u m to about 30 u. m. 

In the present invention, either the active material 
layer for the positive electrode, or the active material lay- 
er for the negative electrode is formed on the collector 
1 . A coupling agent layer may be formed on the surface 
of the collector 1 in order to improve the adhesivity be- 
tween the collector 1 and the active material layer for 
the positive or negative electrode. As a coupling agent 
used for the formation of the coupling agent layer, there 
may be used a coupling agent having an excellent ad- 
hesivity to both of the collector 1 made of a metallic foil 
and the active material layer, which is appropriately se- 
lected from the coupling agents such as a silane-cou- 
pling agent, a titanate-coupling agent, an aluminum- 
coupling agent and the like. 

As an active material for the positive electrode used 
in the present invention, there may be used at least one 
kind of lithium oxides such as LiCo0 2 , LiNi0 2 , LiMn 2 0 4 
and the like, and chalcogen compounds such as TiS 2 , 
Mn0 2 , Mo0 3; V 2 O s and the like. As an active material 
for the negative electrode, on the other hand, it is pref- 
erable to use metallic lithium, lithium alloy and carbon- 
acious material such as graphite, carbon black and acet- 
ylene, or material capable of intercalating lithium ions. 
When LiCo0 2 is used as the active material tor the pos- 
itive electrode and the carbonacious material is used as 
the active material for the negative electrode, it is pos- 
sible to obtain a lithium secondary battery having a high 
discharge voltage of about 4 volt. 

It is preferable to disperse uniformly these active 
materials in the coating layer as formed. For this reason, 
it is preferable to use powder of the active material hav- 
ing a particle size of from 1 to 100 u. m and an average 
particle size of about 10 u m. 

As a binder used for the coating composition con- 
taining the above-mentioned active material in the proc- 
ess of the present invention, there may be used for ex- 
ample thermoplastic resin such as polyester resin, 
polyamide resin, polyacrylic acid-ester resin, polycar- 
bonate resin, polyurethane resin, cellulose resin, poly- 
olefin resin, polyvinyl resin, fluororesin, polyimide resin 
or the like; thermosetting resin such as rubber type res- 
in, acrylic resin, urethane resin or the like; ionizing radi- 
ation-setting resin such as acrylate monomer, oligomer 
or the mixture thereof; or the mixture of these kinds of 
resin. 

Description will be given below of a concrete meth- 
od for preparing the coating composition for the elec- 
trode plate used in the present invention, which contains 
the active material. First, the binder and the powdery 
active material which are appropriately selected from 
the above-described materials, are added to a dispers- 
ing medium comprising an organic solvent such as tol- 
uene, methyl ethyl ketone, N-methyl-2-pyrrolidone, the 
mixture thereof or the like, and a conductive agent is 
added to the dispersing medium, as an occasion de- 
mands, to prepare a mixture. The thus prepared mixture 
is subjected to a mixing and dispersing process with the 
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use of the conventional dispersing apparatus such as a 
homogenizer, a ball mill, a sand mill, a roll mill and the 
like. 

In the preparation of the above-mentioned coating 
composition, a total amount of the active material and 
the binder is preferably within a range of from about 40 
to 80 wt. parts relative to 1 00 wt. parts of the whole coat- 
ing composition, and the ratio of the active material to 
the binder is preferably within a range of from 9:1 to 8: 
2. As' a conductive agent added as an occasion de- 
mands in the preparation of the coating composition, 
there. may be used lor example carbonacious material 
such.as graphite, carbon black, acetylene black or the 
like. " 

As a method of applying the coating composition on 
the surface of the collector made of a metallic foil, there 
may be used a conventional coating method such as a 
gravure coating method, a gravure reverse coating 
method, a roll coating method, a Mayer bar coating 
method, a blade coaling method, a knife coating meth- 
od, an air knife coating method, a slot die coating meth- 
od, a slide die coating method, a dip coating method or 
the like. 

Then, the drying step is carried out to remove the 
dispersing medium from the coating composition layer 
2b formed as described above in the following manner, 
to prepare an active material layer. As a heat source in 
the drying step, there may be used hot air, infrared ra- 
diation, microwave, high-frequency wave, or the combi- 
nation thereof. The coating composition layer may be 
dried by heat radiated from the metallic rollers, the me- 
tallicsheet, and the like which support the collector 1 in 
the drying step. The active material layer has a thick- 
ness of from 1 0 to 200 p m, preferably of from 50 to 1 50 
p m .The coating amount of the coating composition is 
previously determined so that the resultant active ma- 
terial layer has a thickness within the above-mentioned 
range. 

The coating layer obtained by carrying out the 
above-mentioned applying and drying steps is prefera- 
bly subjected to a press treatment with the use of a me- 
tallic roll, a heating roll, a sheet pressing machine or the 
like, to prepare the electrode plate of the present inven- 
tion, in order to improve homogeneousness of the coat- 
ing layer. The pressing condition of from 500kgf/cm 2 to 
7,500kgf/cm 2 , more preferably of from 3,000kgf/cm 2 to 
5,000kgf/cm 2 may be applied to the above-described 
press treatment. With a pressing force of under 500kgf/ 
cm 2 , the homogeneousness of the coating layer may not 
sufficiently be improved. With a pressing force of over 
7,500kgf/cm 2 the electrode plate itself including the col- 
lector may be broken, thus causing an unfavorable prob- 
lem. In case where the secondary battery is produced 
with the use of the electrode plate of the present inven- 
tion, which has been prepared in the above-described 
manner, it is preferable to apply a heating treatment and 
a decompression treatment to the electrode plate prior 
tothe assembling step of the secondary battery, in order 



to remove moisture in the coating layer of the electrode 
plate, which contains the active material. 

In case where the lithium secondary battery is pro- 
duced with the use of the thus prepared electrode 
5 plates, as positive and negative plates, of the present 
invention for a secondary battery with a nonaqueous 
electrolyte, there is used, as an electrolyte, a nonaque- 
ous electrolyte which is obtained by dissolving lithium 
salts as solute into an organic solvent. 
to As lithium salts as solute forming the nonaqueous 
electrolyte, there may be used inorganic lithium salt 
such as LiCI0 4 , LiBF 4: LiPF 6 , LiAsF 6 , LiCI, LiBr or the 
like, or organic lithium salt such as LiB(C 6 H 5 ) 4 , LiN 
(S0 2 CF 3 ) 2 , LiC(S0 2 CF 3 ) 3 , LiOS0 2 CF 3 , LiOS0 2 C 2 F 5 , 
75 LiOS0 2 C 3 F 7 , LiOS0 2 C 4 F 9 , LiOS0 2 C 5 F 11> 

LiOS0 2 C 6 F 13 , LiOS0 2 C 7 F 15 , or the like. 

In this stage, there may be used, as an organic sol- 
vent, cyclic esters, chain esters, cyclic ethers, chain 
ethers or the like. 
20 The cyclic esters may be exemplified by propylene 
carbonate., butylene carbonate, y-buthyrolactone, vi- 
nylene carbonate, 2-methyl- y-buthyrolactone, acetyl- y- 
buthyrolactone and y-valerolactone. 

The chain esters may be exemplified by dimethyl 
25 carbonate : diethyl carbonate, dibutyl carbonate, dipro- 
pyl carbonate, methyl ethyl carbonate, methyl butyl car- 
bonate, methyl propyl carbonate, ethyl butyl carbonate, 
ethyl propyl carbonate, butyl propyl carbonate, propion- 
ic acid alkyl ester, malonic acid diaikyl ester and acetic 
30 acid alkyl ester. 

The cyclic ethers may be exemplified by tetrahydro- 
furan, alkyltetrahydrofuran, dialkyltetrahydrofuran, 
alkoxytetrahydrofuran, dialkoxytetrahydrofuran, 1,3-di- 
oxolan, alkyl-1 ,3-dioxolan and 1 ,4-dioxolan. 
35 The chain ethers may be exemplified by 1 ,2-dimeth- 
oxyethane, 1 : 2-diethoxyethane, diethyl ether, ethylene 
glycol dialkylether, diethylene glycol dialkylether, trieth- 
ylene glycol dialkylether and tetraethylene glycol di- 
alkylether. 

40 Now, the present invention in the fourth group will 
be described in detail below. 

The process of the present invention in the fourth 
group comprises a preparation step, an impregnation 
step, a solidification step and a peeling step. FIG. 1 7(a) 

45 illustrates the preparation step, FIG. 17(b) illustrates the 
impregnation step, FIG. 17(c) illustrates the solidifica- t 
tion step and FIG. 17(d) illustrates the peeling step. 

(a) Preparation step 

so 

A porous coating layer 2 is formed on a collector 1 
as a substrate by applying a coating composition for an 
electrode plate, which comprises active material and a 
binder onto the collector 1, and drying same, as shown 
55 in FIG. 17(a). 

As a collector used in the electrode plate of the 
present invention for a secondary battery with a non- 
aqueous electrolyte, it is preferable to use a metallic foil 
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such as for example an aluminum foil, a copper foil or 
the like. Such a metallic foil preferably has a thickness 
of from about 1 0 u. m to about 30 m. 

The active material may be classified into an active 
material for the positive electrode and an active material s 
for the negative electrode. As an active material for the 
positive electrode used in the present invention, there 
may be used at least one kind of lithium oxides such as 
LiCo0 2 , LiNi0 2 , LiMn 2 0 4 and the like, and chalcogen 
compounds such as TiS 2 , Mn0 2 , Mo0 3 , V 2 0 5 and the to 
like. The active material mentioned above may be used 
alone or in combination with the other active material. 
As an active material for the negative electrode, it is pref- 
erable to use lithium-containing metal such as metallic 
lithium and lithium alloy, or carbonacious material such is 
as graphite, carbon black, acetylene or the like. When 
LiCo0 2 is used as the active material for the positive 
electrode and the carbonacious material is used as the 
active material for the negative electrode, it is possible 
to obtain a lithium secondary battery having a high dis- 20 
charge voltage of about 4 volt. It is preferable to disperse 
uniformly these active materials in the coating layer as 
formed For this reason, it is preferable to use powder 
of the active material having a particle size of from 1 to 
100 m m nnd an average particle size of about 10 u. m. 25 

Tho bmdor for preparing the active material coating 
composition for the electrode plate is required to be 
chemically stable against the nonaqueous electrolyte, 
m^ohiblo tn the electrolyte, and soluble in a certain sol- 
vent 10 be able to be applied to the surface of the sub- 30 
sfatc in the form of thin film. As a binder used in the 
process of the present invention, there may be selec- 
tively used for example thermoplastic resin, i.e., polyes- 
ter rcsm polyamide resin, polyacrylic acid-ester resin, 
polycarbonate resin, polyurethane resin, cellulose resin, 35 
polyolcfin rosin, polyvinyl resin, fluororesin and polyim- 
ido resm In this case : compounds in which reactive 
functional group is introduced (i.e., acrylate monomer 
or oligomer) may be simultaneously mixed. The acrylate 
monomer and the oligomer may be used alone or in *o 
combination 

Description will be given below of a concrete meth- 
od Icr preparing the coating composition for the elec- 
trode plate used in the present invention, which contains 
the active material. First, the binder and the powdery «5 
active material which are appropriately selected from 
the above-described materials, are added to a dispers- 
ing medium or a solvent comprising an organic solvent 
such as N-melhyl-2-pyroi idone and toluene, and a con- 
ductive agent is added to the dispersing medium, as an so 
occasion demands, to prepare a mixture. The thus pre- 
pared mixture is subjected to a mixing and dispersing 
process with the use of the conventional dispersing ap- 
paratus such as a homogenizer, a ball mill, a sand mill, 
a roll mill and the like. In this stage, there may be applied ss 
the same mixing ratio of the binder and the active ma- 
terial as the conventional mixing ratio thereof. There 
may preferably be applied the mixing weight ratio of the 



binder : the active material = 5:5 through 1 :9 for the pos- 
itive electrode plate, and the mixing weight ratio of the 
binder : the active material = 2:8 through 1 :9 for the neg- 
ative electrode plate. As a conductive agent added as 
an occasion demands, there may be used for example 
carbonacious material such as graphite, carbon black, 
acetylene black or the like. 

The thus prepared coating composition for the elec- 
trode plate, containing the active material, is applied on 
the collector as a substrate with the use of a gravure 
coater, a gravure reverse coater, a die coater, a slide 
coater or the like, and then dried to form the coating lay- 
er. The applying step and the drying step may be carried 
out several times to prepare a coating layer having the 
thickness of from 10 to 200 jj. m, preferably of from 50 
to 170 [i m. 

When the coating layer obtained by carrying out the 
above-mentioned applying and drying steps is be sub- 
jected to a press treatment with the use of a metallic roll, 
a heating roll, a sheet pressing machine or the like, it is 
possible to improve homogeneousness of the coating 
layer. The above-described press treatment is not al- 
ways essential. The pressing condition of from 500kgf/ 
cm 2 to 7,500kgf/cm 2 , more preferably of from 3,000kgf/ 
cm 2 to 5,000kgf/cm 2 may be applied to the above-de- 
scribed press treatment. With a pressing force of under 
500kgf/cm 2 , the homogeneousness of the coating layer 
may not sufficiently be improved. With a pressing force 
of over 7,500kgf/cm 2 , the electrode plate itself including 
the collector may be broken, thus causing an unfavora- 
ble problem. 

The coating layer having a uniform thickness and 
excellent homogeneousness can be obtained by carry- 
ing out the above-described preparation step. 

(b) Impregnation step 

The above-described coating layer 2 is impregnat- 
ed with a solidifiable material 3 as a liquid material, 
which has a larger cohesion after solidification thereof 
than that of the coating layer 2, to form an impregnated- 
portion 2a of the coating layer having a prescribed pat- 
tern. 

The solidifiable material 3 is required to have a larg- 
er cohesion after solidification thereof than that of the 
coating layer 2. In other words, the solidifiable material 
3 should solidify to become harder than the coating lay- 
er. When the solidifiable material 3 has a smaller cohe- 
sion after solidification than that of the coating layer, it 
is hard to perform a complete and precise peeling step 
of the solidifiable material-impregnated portion of the 
coating layer. Namely, there is a tendency that parts of 
the impregnated portion may be left non-peeled on the 
surface of the collector in the prescribed pattern, the 
non-peeled portion may have a blunt edge, leading to 
poor measurement accuracy of the pattern, and the ad- 
hesivity of the porous sheet to the coating layer may be- 
come low, thus making it impossible to peel the impreg- 



20 



39 



EP0 814 521 A2 



40 



nated portion of the coating layer together with the po- 
rous sheet. 

In the present invention, the term "cohesion" means 
not only a cohesive force in the narrow sense, but also 
a general force which have an action of solidifying ma- s 
terial or maintaining material in a solid state. According- 
ly, the term "cohesion" in the present invention includes 
interatomic or intermolecular attractive forces as a co- 
hesive force in the narrow sense, as well as forces which 
contribute to chemical bond such as, for example, inter- 10 
molecular covalent bond. 

There may be used the solidifiable material which 
has any solidification machanism. There may be used, 
for example, material such as polymerization material 
or cross-linking material, which irreversibly solidifies is 
through a chemical reaction. It is however convenient to 
use material which permits irreversible repetition of so- 
lidification and liquefaction in accordance with certain 
conditions. Material which is solid at a room tempera- 
ture, and can be liquefied by heat, is remarkably con- 20 
venient in use in the actual working., since it is possible 
to adjust its flowabiiity by heat. 

As material which is solid at a room temperature, 
and can be liquefied by heat, a heat-fusible material may 
suitably be used. The heat-fusible material may exem- 2S 
plified by thermoplastic resin containing at least one kind 
of ethylene- or propylene-homopolymer or copolymer 
(for example, polyethylene, polypropylene, ethylene co- 
polymer, propylene copolymer, or the like); organic or 
inorganic wax and the like. 30 

The heat-fusible material used as a solidifiable ma- 
terial preferably has a melting point within a range of 
from 20°C to 250°C, preferably within a range of from 
60°C ; to 150°C. When the melting point of the heat-fu- 
sible material is excessively low, it softens at a room 3S 
temperature, leading to hard handling thereof and a 
poor productivity of the electrode plate. When the melt- 
ing point thereof is excessively high, on the other hand, 
there occurs uneconomical problem in energy. 

The heat-fusible material preferably has viscosity of *o 
from 10 to 50,000 cP when the melting thereof, and 
more preferably of from 400 to 6,000 cP. When the vis- 
cosity of the heat-fusible material is excessively high, 
the heat-fusible material tends to not permeate easily 
into fine cavities of the active material coating layer 2, *s 
leading to a poor productivity of the electrode plate. 
When the viscosity thereof is excessively low, the heat- 
fusible material tends to spread over in the inside of the 
active material coating layer 2 in a direction along a 
plane parallel to the surface thereof by the capillary phe- so 
nomenon, thus making it impossible to form a sharp pat- 
tern. It is preferable to limit an adhesive strength be- 
tween the heat-fusible material and the collector 1 to a 
value as smaller as possible, in the light of workability 
in the peeling step. ss 

When the coating layer 2 is impregnated with the 
above-mentioned solidifiable material as a liquid mate- 
rial, it is necessary for the solidifiable material to perme- 



ate through fine cavities in the coating layer 2 so as to 
reach the surface of the collector 1 . If the solidifiable ma- 
terial is solidified before it reaches the surlace of the col- 
lector 1 , a portion to be removed of the coating layer 2 
may be left non-peeled even when the coating layer 2 
impregnated with the solidifiable material is peeled from 
the collector 1. In order to solve the above-mentioned 
problem, at least one of the collector 1 and the coating 
layer 2 may be heated to an appropriate temperature to 
delay the solidification of the solidifiable material, or the 
solidifiable material having a low viscosity may be se- 
lected to increase the permeating velocity of thereof, or 
the solidifiable material may be kept at a sufficiently high 
temperature to delay the solidification thereof. 

The liquefied solidifiable material 3 is applied onto 
the prescribed portion of the coating layer 2 by means 
of a conventional coating apparatus such as a dispens- 
er, a gravure roll a die head and the like. In case where 
the heat-fusible material is used as a solidifiable mate- 
rial, there may be utilized a method of applying the so- 
lidifiable material in a molten state on the coating layer 
on the basis of the prescribed pattern, as well as any 
one of a method of arranging a solid body made of the 
solidifiable material the basis of the pattern on the coat- 
ing layer 2 and heating the coating layer 2 to melt the 
solidifiable material which is in contact with the coating 
layer 2, a method of pressing the above-mentioned solid 
body made of the solidifiable material the basis of the 
pattern on the heated coating layer 2 at a prescribed 
pressure, to melt the solidifiable material which is in con- 
tact with the coating layer 2, a method of moving a solid 
body made of the solidifiable material on the heated 
coating layer while pressing the above-mentioned solid 
body onto the heated coating layer at a prescribed pres- 
sure, to continuously form a pattern, and the like. 

The impregnated portion having the prescribed pat- 
tern having an excellent measurement accuracy can be 
obtained by carrying out the above-described impreg- 
nation step. 

(c) Solidification step 

A porous sheet 25 is brought into contact with the 
portion 2a of the coating layer, which is impregnated with 
the solidifiable material on the basis of the prescribed 
pattern, to cause part of the solidifiable material in the 
inside or on the surface of the impregnated portion 2a 
to migrate into the porous sheet 25. The migration of the 
solidifiable material causes the formation of an impreg- 
nated portion 25a also in the portion of the porous sheet 
25, which corresponds to the impregnated portion 2a. 
Then, the solidifiable material in the impregnated portion 
2a and the solidifiable material in the porous sheet 25 
solidifies in an integral form. 

The portion of the coating layer 2 impregnated with 
the solidifiable material is normally stuck to the collector 
1 in a smaller strength, and this portion can easily be 
peeled. With respect to a peeling means, tension may 
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be imparted to the collector 1 to lift up the portion of the 
coating layer 2 impregnated with the solidiable material 
from the collector 1 so as to perform the peeling thereof, 
or it may be peeled from the collector 1 by means of a 
spatula, or it may be peeled with the use of an adhesive 
tape, or it may be peeled from the collector 1 by the blow- 
ing of air. In the light of the working efficiency, it is how- 
ever effective to utilize the method which permits the 
peeling of the entire impregnated portions 2a by only 
one operation, rather than the method of applying ten- 
sion to the collector 1 , and the method in which the spat- 
ula or the air gun is used. The method in which the spat- 
ula or the air gun is used may cause the production of 
small flakes of the peeled portion. 

On the contrary, since the entire impregnated por- 
tions 2a can be peeled only by one operation with the 
use of the porous sheet in the present invention, the 
working efficiency can remarkably be improved. More- 
over, the process of the present invention causes no 
production of small flakes of the peeled portion, unlike 
the method in which the spatula or the air gun is used. 

In the method of peeling the portion of the coating 
layer utilizing the solidifiable material, use of a certain 
kind of the solidifiable material may cause the occur- 
rence of cracks in the coating layer which is obtained by 
impregnating the portion of the coating layer with the so- 
lidifiable material and solidifying same. Especially, the 
solidifiable material having a larger cohesion makes it 
easy to peel the portion of coating layer, whereas it tends 
to easily cause the occurrence of cracks on the coating 
layer. Such occurrence of cracks leads to some adverse 
effects. The first adverse effect is of a problem that the 
peeling of the coating layer with cracks may cause the 
production of marks of the cracks on the exposed sur- 
face of the substrate. The marks of the cracks is pro- 
duced by leaving a small amount of coating layer non- 
peeled in a form of stripe along the portion having the 
cracks, thus meaning insufficient peeling of the impreg- 
nated portion of the coating layer on the basis of the 
pattern. It is possible to completely inhibit the formation 
of the coating layer having the cracks by repeating the 
applying step of the solidifiable material and the peeling 
step at least twice, however such a method leads to ex- 
cessive degradation of productivity, and poor measure- 
ment accuracy of the pattern. The second adverse effect 
is of a problem that the occurrence of the cracks in the 
vicinity of the edge portion of the pattern easily tends to 
leave flakes of the coating layer non-peeled, which is 
obtained by impregnating the portion of the coating layer 
with the solidifiable material and solidifying same, on the 
edge portion of the pattern. Such a phenomenon means 
that the non-peeled portion has a blunt edge, leading to 
poor measurement accuracy of the pattern. 

On the contrary, since the porous sheet 25 is placed 
on the impregnated portion 2a of the coating layer when 
the solidifiable material is in a liquid state in the present 
invention, cracks do not easily tend to occur on the por- 
tion to be peeled of the coating layer. Accordingly, marks 



of the cracks do not easily tend to occur on the exposed 
surface of the substrate, and there can be formed the 
non-peeled portion having a sharp edge on the basis of 
the pattern. 

5 As a porous sheet 25, there may be used any one 

of polyester mesh, metallic mesh, cloth ; paper and a 
nonwoven fabric cloth. 

The thickness of the porous sheet 25 is preferably 
be as smaller as possible, provided that the porous 
to sheet 25 has a sufficient strength so that the porous 
sheet 25 can peeled together with the impregnated por- 
tion 2a without causing any problems in the subsequent 
peeling step. The thickness thereof is preferably up to 
400 ji m, more preferably within a range of from 40 to 

75 120 ja m. With a thickness of over 400 u. m, the greater 
part of the molten solidifiable material existing in the im- 
pregnated portion 2a may migrate into the porous sheet 
25 by the capillary phenomenon, leading to insufficient 
peeling of the impregnated portion 2a. 

20 a diameter of fibers of the porous sheet 25 and a 
porosity thereof may have an effect on the formation of 
the pattern. The diameter of the fibers of the porous 
sheet 25 is preferably up to 150 n m, more preferably 
within a range of from 30 to 70 m. With a diameter of 

25 fibers of the porous sheet 25 of larger than 1 50 u. m, the 
adhesive strength (namely, the sticking strength) be- 
tween the porous sheet 25 and the solidifiable material 
becomes low. The porosity of the porous sheet 25 is 
preferably kept as high as possible. In case of a mesh 

30 sheet such as a polyester mesh, a metallic mesh or the 
like, the porosity thereof is preferably kept at least 30%, 
more preferably within a range of from 50 to 80%. With 
a porosity of under 30%, much time is required for im- 
pregnation of the porous sheet 25 with the solidifiable 

35 material, leading to insufficient sticking of the porous 
sheet due to entanglement of air bubbles between the 
solidifiable material and the porous sheet 25, and to un- 
favorable expansion of the edge portion of the pattern 
by the capillary phenomenon. Here, the term "porosity" 

^o is a value expressed in a ratio of the total area of gap 
portions excluding the area occupied by the fibers to the 
area of the entire porous sheet 25, in a plane view there- 
of. The porosity of the mesh sheet may vary depending 
on the diameter of the fibers and the weaving method. 

45 When the heat-fusible material is used as a solidi- 
fiable material, the impregnated portion 2a and the po- 
rous sheet 25 can integrally be bonded by permeating 
the molten solidifiable material into the cavities of the 
impregnated portion 2a, bringing, prior to the solidifica- 

50 tion of the solidifiable material, the porous sheet 25 into 
contact with the surface of the impregnated portion 2a 
of the coating layer to cause part of the solidifiable ma- 
terial to permeate into the porous sheet 25, and cooling 
and solidify same. 

55 As another method, the impregnated portion 2a and 

the porous sheet 25 can integrally be bonded by perme- 
ating the molten solidifiable material into the cavities of 
the impregnated portion 2a, cooling and solidifying 
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same, bringing the porous sheet 25 into contact with the 
surface of the impregnated portion 2a of the coating lay- 
er, heating the contact portion thereof to remelt the so- 
lidifiable material to cause part of the solidifiable mate- 
rial to permeate into the porous sheet 25, and cooling s 
and solidify same again. Here, as a method of heating 
the contact portion of the porous sheet 25 and the sur- 
face of the impregnated portion 2a of the coating layer, 
there may be used any kind of conventional means such 
as a heat roll, a heating plate, a dryer, an infrared radi- io 
ation, and the like. When the metallic mesh is used, heat 
radiation is performed from the metallic mesh itself 
through high-frequency induction heating. A heating el- 
ement such as nichrome wire may be used as a com- 
posing material of the porous sheet 25. is 

As further another method, the impregnated portion 
2a and the porous sheet 25 can integrally be bonded by 
permeating the molten solidifiable material into the cav- 
ities of the impregnated portion 2a, cooling and solidify- 
ing same, bringing the heated porous sheet 25 into con- 20 
tact with the surface of the impregnated portion 2a of 
the coating layer, to remelt the solidifiable material in the 
contact portion thereof to cause part of the solidifiable 
material to permeate into the porous sheet 25, and cool- 
ing and solidify same again. Here, the porous sheet may 2s 
previously be heated by any kind of conventional means 
such as a heat roll, a heating plate, a dryer, an infrared 
radiation, and the like. When the metallic mesh is used, 
heat radiation may be previously performed from the 
metallic mesh itself through high-frequency induction .30 
heating. A heating element such as nichrome wire may 
be used as a composing material of the porous sheet 
25, and the previous heating with the use of this heating 
element may be performed. 

Since the impregnated portion 2a and the porous 3S 
sheet 25 can integrally be bonded by any one of the 
above-described methods, it is possible to remove the 
entire impregnated portions by only one operation in the 
subsequent peeling step. 

40 

(d) Peeling step 

Finally, the portion 2a impregnated with the solidifi- 
able material is peeled together with the porous sheet 
25 sticking thereon in the integral solidification state of 45 
the solidifiable material in the coating layer 2 and the 
solidifiable material in the porous sheet 25, to expose 
the surface of the collector 1 on the basis of the pre- 
scribed pattern to obtain the peeled portion 4. 

When an attempt is made to peel the impregnated so 
portion 2a from the collector 1 in the peeling step using 
the porous sheet 25 in a state that the porous sheet 25 
is loosened, and more specifically, the surface of the im- 
pregnated portion 25a of the porous sheet 25 is not in 
parallel with the surface of the non-impregnated portion ss 
2b thereof (in a bent or warped condition), the peeling 
may frequently be caused on the boundary between the 
impregnated portion 2a and the porous sheet 25, thus 



leaving the impregnated portion 2a non-peeled on the 
collector 1. On the contrary, when tension is applied to 
the porous sheet 25 as shown in FIGS. 18(a) and (b) to 
carry out the peeling step in a state of no occurrence of 
loosening of the porous sheet 25, the impregnated por- 
tion 2a can clearly be peeled without leaving it non- 
peeled on the collector 1 . 

When the peeling step is carried out in a state of 
application of tension to the porous sheet 25, it is pref- 
erable to carry out the peeling step by keeping the orig- 
inal sheet 27 for the electrode plate away from the po- 
rous sheet 25 with a peeling roll 26 as a diverging point 
as shown in FIG. 19. When the non-flexible sheet such 
as a plastic plate having a relatively high strength is used 
as the porous sheet 25, the peeling roll 26 is not required 
since the peeling step can be carried out without causing 
the loosening of the porous sheet 25 in the analogous 
condition to the above-mentioned case in which tension 
is applied to the porous sheet 25. 

The porous sheet 25 may have a shape of postal 
card, or a strip-shape. FIG. 20 illustrates an exemplified 
use of the strip-shaped porous sheet 25. According to 
the process illustrated in FIG. 20, the porous sheet 25 
is supplied from a feeding roll 28 while applying tension 
to the porous sheet 25 : and the porous sheet 25 is sup- 
ported by support rolls 30, 30 and then wound by a wind- 
ing roll 29. The original strip-shaped sheet 27 for the 
electrode plate is supplied, on the other hand, by a leed- 
ing roll 32, supported by support rolls 26, 26, and then 
wound by a winding roll 33. The original sheet 27 for the 
electrode plate is continuously impregnated with the 
molten solidifiable material on the prescribed pattern by 
means of a coating apparatus 10. Then, the porous 
sheet 25 is placed on the original sheet 27 for the elec- 
trode plate, and then, the solidifiable material is cooled 
and solidified by means of a cooling and solidifying ap- 
paratus 31. Then, the porous sheet 25 is peeled from 
the original sheet 27 for the electrode plate, while keep- 
ing the original sheet 27 for the electrode plate away 
from the porous sheet 25 with a peeling roll 26 as a di- 
verging point. Finally, a strip-shaped sheet having a plu- 
rality of electrode plates in each of which the surface of 
the collector is partially exposed on the basis of the pre- 
scribed pattern, is continuously wound by means of a 
winding roll 33. According to the process of the present 
invention as shown in FIG. 20, it is possible to continu- 
ously produce the strip-shaped sheet having a plurality 
of electrode plates. 

FIG. 21 illustrates the step of peeling the original 
sheet 27 for the electrode plate from the porous sheet 
25 by moving horizontally the peeling roll 26 in a direc- 
tion of an arrow as shown in FIG. 21 , while applying ten- 
sion to the porous sheet 25. 

The porous sheet 25 may be used once and then 
thrown away, or may be reusable after washing or clean- 
ing it. 

It is possible to produce effectively the electrode 
plate for a secondary battery with a nonaqueous elec- 
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trolyte having the non-coated portion on the basis of the 
prescribed pattern by carrying out the above-described 
steps (a) to (d) in this order The non-coated portion ot 
the thus produced electrode plate is excellent in meas- 
urement accuracy of the pattern, and in the non-coated 
portion therof, there is no production of powdery flakes 
from the edge portion of the pattern, and no existence 
of marks of cracks. 

In case where the secondary battery is produced 
with the use of the electrode plate of the present inven- 
tion, which has been prepared in the above-described 
manner, it is preferable to apply a heating treatment and 
a decompression treatment to the electrode plate prior 
to the assembling step of the secondary battery, in order 
to remove moisture in the coating layer of the electrode 
plate, which contains the active material. 

When the secondary battery, for example, the lithi- 
um secondary battery is produced with the use of the 
above-described electrode plate, there is used a non- 
aqueous electrolyte which is obtained by dissolving lith- 
ium salts as solute into an organic solvent. In this stage, 
there may be used, as an organic solvent, cyclic esters, 
chain esters, cyclic ethers, chain ethers or the like. The 
cyclic esters may be exemplified by propylene carbon- 
ate, butylene carbonate, 7-buthyrolactone, vinylene car- 
bonate, 2-rnethy!- 7-buthyrolactone. acetyl- y-buthyrol- 
actone and y-valerolactone. The chain esters may be 
exemplified by dimethyl carbonate, diethyl carbonate, 
dibutyl carbonate, dipropyl carbonate, methyl ethyl car- 
bonale. methyl butyl carbonate, methyl propyl carbon- 
ate, ethyl butyl carbonate, ethyl propyl carbonate, butyl 
propyl carbonate, propionic acid alkyl ester, malonic ac- 
id dialkyl ester and acetic acid alkyl ester. The cyclic 
ethers may be exemplified by tetrahydrofuran, alkyltet- 
rahydrofuran, dialkyldialkyltetrahydrofuran, alkoxytet- 
rahydrofuran, dialkoxytetrahydrofuran, 1 ,3-dioxolan, 
alkyl-1 ,3-dioxolan and 1 ,4-dioxolan. The chain ethers 
may be exemplified by 1 ,2-dimethoxyethane, 1,2-di- 
ethoxyethane, diethyl ether, ethylene glycol dialkylether, 
diethylene glycol dialkylether, triethylene glycol di- 
alkylether and tetraethylene glycol dialkylether 

As lithium salts as solute forming the nonaqueous 
electrolyte in cooperation with the above-mentioned or- 
ganic solvent, there may be used inorganic lithium salt 
such as UCIO4, LiBF 4 , LiPF 6 , LiAsF 6 , LiCI, LiBr or the 
like, or organic lithium salt such as LiB(C 6 H 5 ) 4 , LiN 
(S0 2 CF 3 ) 2 , LiC(S0 2 CF 3 ) 3> LiOS0 2 CF 3 , LiOS0 2 C 2 F 5 , 
LiOS0 2 C 3 F 7 , LiOS0 2 C 4 F 9 , LiOS0 2 C 5 F., 1 , 

LiOS0 2 C 6 F 13 , LiOS0 2 C 7 F 15 , or the like. 

EXAMPLES 

Now, the present invention will be described here- 
inbelow in more detail with reference to Experiment Ex- 
amples in the present invention in the first to fourth 
groups and Comparative Examples. 



[Present Invention in First Group] 

Experiment Example No. 1-1 

5 First, a coating composition for a positive electrode, 

containing active material for the positive electrode was 
prepared in the following manner Materials for the coat- 
ing composition for the positive electrode composed of 
LiCo0 2 powder of 40 wt. parts having a particle size of 

10 from 1 to 100 u. m and an average particle size of 10 u 
m, graphite powder of 5.0 wt. parts as a conductive 
agent, polyvinylidene fluoride of 4 wt. parts as a binder 
(having the product name of "NEOFLON VDF, VP-850" 
manufactured by DAIKIN INDUSTRIES, CO. LTD.) and 

f5 polyvinylidene fluoride of 20 wt. parts. 

Of these materials, polyvinylidene fluoride was pre- 
viously dissolved by polyvinylidene fluoride to prepare 
varnish. The other powdery materials were added to the 
thus prepared varnish, and these powdery materials 

20 and the varnish were stirred and mixed by means of a 
planetary mixer (manufactured by KODAIRA SEI- 
SAKUSHO CO. LTD.) for a period of time of 30 minutes, 
to prepare a coating composition in a form of slurry for 
the positive electrode containing the active material for 

25 the positive electrode. 

With the use of the thus prepared coating composi- 
tion for the positive electrode, the first coating step was 
carried out on a collector made of an aluminum foil hav- 
ing a thickness of 20 j.i m and a width of 300mm by 

30 means of a die coater. Then, a drying step was carried 
out at a temperature of 140°C for 2 minutes to form a 
coating layer on the aluminum foil, which included the 
active material for the positive electrode and had a thick- 
ness of 100 u m in a drying state. The resultant coating 

35 layer including the active material for the positive elec- 
trode was subjected to an aging treatment in a vacuum 
oven at a temperature of 80°C for 48 hours to remove 
moisture in the coating layer, thereby preparing an elec- 
trode plate for the positive electrode. 

40 Then, a coating composition for a negative elec- 
trode, containing active material for the negative elec- 
trode was prepared in the following manner. Materials 
for the coating composition for the negative electrode 
composed of graphite powder of 85 wt. parts, polyvinyli- 

45 dene fluoride of 15 wt. parts (having the product name 
of "NEOFLON VDF, VP-850" manufactured by DAIKIN 
INDUSTRIES, CO. LTD.) and polyvinylidene fluoride as 
a dispersing medium of 225 wt. parts. A coating compo- 
sition in a form of slurry for the negative electrode was 

50 obtained with the use of these materials by means of 
the same dispersing machine in the same dispersing 
method as in the case of preparation of the coating com- 
position for the positive electrode. 

With the use of the thus prepared coating composi- 

55 Hon for the negative electrode, the first coating step was 
carried out on a collector made of a rolled copper foil 
having a thickness of 15 |j m by means of a die coater. 
Then a drying step was carried out at a temperature of 



24 



47 



EP0 814 521 A2 



48 



1 40°C for 2 minutes to form a coating layer on the cop- 
per foil, which included the active material for the neg- 
ative electrode and had a thickness of 1 00 ja m in a dry- 
ing state. The resultant coating layer including the active 
material for the negative electrode was subjected to the 
same aging treatment to remove moisture in the coating 
layer thereby preparing an electrode plate for the neg- 
ative electrode. 

The thus obtained electrode plates for the positive 
and negative electrodes were placed on a hot plate 
heated.to a temperature of 90°C. Polypropylene (having 
the product name of "VISCOL 550P" manufactured by 
SANYO KASEI KOGYO CO. LTD.) which has been 
heated to a temperature of 250°C to melt it, was applied 
on these electrode plates in a shape of strip having a 
width of 10 mm and a length of 200 mm by means of a 
dispenser. Then, the hot plate was removed, to solidify 
the polypropylene. The solidified polypropylene was 
easily peeled from the collector by applying tension to 
the collector to lift up the polypropylene, since it was 
hard and brittle. The collector had a non-coated portion 
on the basis of the prescribed pattern, which had a sharp 
edge and in which there was no production of powdery 
flakes of the coating layer. 

Experiment Example No. 1-2 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 1-1. 
The thus obtained electrode plates for the positive and 
negative electrodes were placed on a hot plate heated 
to a temperature of 90°C. Polyethylene (having the 
product name of "SANWAX 161P" manufactured by 
SANYO KASEI KOGYO CO. LTD.) which has been 
heated to a temperature of 250°C to melt it, was applied 
on these electrode plates in a shape of strip having a 
width of 10 mm and a length of 200 mm by means of a 
dispenser. Then, the hot plate was removed, to solidify 
the polyethylene. The solidified polyethylene was easily 
peeled, keeping its shape as applied, from the collector 
by pulling up the end of the solidified polyethylene, since 
it had a sufficient strength. The collector had a non-coat- 
ed portion on the basis of the prescribed pattern, which 
had a sharp edge and in which there was no production 
of powdery flakes of the coating layer. 

Experimenl Example No. 1-3 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 1-1. 
The thus obtained electrode plates for the positive and 
negative electrodes were heated to a temperature of 
70° C by means of an infrared lamp. Wax (having the 
product name of "DIACARNA 30L*' manufactured by 
MITSUBISHI KASEI KOGYO CO. LTD.) which has been 
heated to a temperature of 160°C to melt it, was applied 



on these electrode plates in a shape of strip having a 
width of 1 0 mm and a length of 200 mm by means of a 
dispenser. Then, the infrared lamp was removed, to so- 
lidify the wax. The solidified wax was easily peeled from 
5 the collector by applying tension to the collector to lift up 
the wax, since it was hard and brittle. The collector had 
a non-coated portion on the basis of the prescribed pat- 
tern, which had a sharp edge and in which there was no 
production of powdery flakes of the coating layer. 

10 

Experiment Example No. 1-4 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 

75 ing conditions as in the Experiment Example No. 1-1. 
Then, a ribbon-shaped formed body having a width of 
30 mm : a length of 200 mm and a thickness of 5 mm, 
and made of polyethylene (having the product name of 
"SANWAX 161P" manufactured by SANYO KASEI KO- 

20 GYO CO. LTD.) was placed on the surface of the coating 
layer of each of these electrode plates. A hot plate heat- 
ed io a iemperaiure of 250° C was brought into contact 
with the back surface of the electrode plate for about 
one second, and then, the hot plate was removed there- 

25 from. In this stage, part of polyethylene coming into con- 
tact with the coating layer was melted and permeated 
through the coating layer, and then solidified. The solid- 
ified polyethylene was easily peeled, keeping its shape 
as applied, from the collector by pulling up the end of 

30 the solidified polyethylene. The collector had a non- 
coated portion on the basis of the prescribed pattern, 
which had a sharp edge and in which there was no pro- 
duction of powdery flakes of the coating layer. 

35 Experiment Example No. 1-5 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 1-1. 
40 The thus obtained electrode plates for the positive and 
negative electrodes were subjected to a pressing treat- 
ment at a pressure of 3,000kgf/cm 2 by means of a roll 
press. These electrode plates having been subjected to 
the pressing treatment were placed on a hot plate heat- 
hs ed to a temperature of 90°C. Polypropylene (having the 
product name of "VISCOL 550P" manufactured by SAN- 
YO KASEI KOGYO CO. LTD.) which has been heated 
to a temperature of 250°C lo melt it : was applied on 
these electrode plates in a shape of strip having a width 
50 of 10 mm and a length of 200 mm by means of a dis- 
penser. Then ; the hot plate was removed, to solidify the 
polypropylene. The solidified polypropylene was easily 
peeled from the collector by applying tension to the col- 
lector to lift up the polypropylene, since it was hard and 
55 brittle. The collector had a non-coated portion on the ba- 
sis of the prescribed pattern, which had a sharp edge 
and in which there was no production of powdery flakes 
of the coating layer. 
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Experiment Example No. 1-6 

Paste comprising frit of lead glass of 80 wt.%, ethyl- 
cellulose of 1 wt.%, buthylcarbinol acetate of 10 wt.% 
and a-terpineol of 9 wt.% and having viscosity of 80,000 s 
cP was applied on the entire surface of a square glass 
plateas a substrate for a plasma-display panel, and then 
dried to prepare a coating layer. A square plastic sheet, 
each side of which was smaller by 1 mm than the side 
of the square glass plate, was placed on the thus pre- 10 
pared coating layer so that the peripheral portion of the 
coating layer was exposed in a width of 0.5 mm. Poly- 
propylene wax (having the product name of "VISCOL 
550P" manufactured by SANYO KASEI KOGYO CO. 
LTD.) which has been heated to a temperature of 250°C is 
to melt it, was applied on the thus exposed peripheral 
portion of the coating layer to impregnate this portion 
with polyethylene wax. After completion of the cooling 
of the impregnated portion of the coating layer, the im- 
pregnated portion was peeled from the glass plate, with 20 
the result that the peripheral portion having a width of 
0.5 mm of the glass piate was cieariy exposed. Then, 
the glass plate having the coating layer was sintered by 
a conventional method to form a primer layer. 

25 

Comparative Example No. 1-t 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 1-1. 30 
An adhesive tape having a width of 1 0 mm and a length 
of 200 mm was stuck onto each of the thus obtained 
electrode plates for the positive and negative elec- 
trodes, and then, the adhesive tape was peeled from 
each of the electrode plates to prepare a non-coated 35 
portion thereon. Much of portions to be removed of the 
coating layer were left non-peeled on the collector, and 
the non-coated portion had a blunt edge and in which 
there was observed the production of powdery flakes of 
the coating layer. It was also confirmed that such a peel- *o 
ing step with the use of the adhesive tape was not in- 
dustrially applicable to an actual production. 

Comparative Example No. 1-2 

45 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 1-1. 
The coating layer of each of the electrode plates for the 
positive and negative electrodes was scraped off by so 
means of a spatula to prepare a non-coated portion hav- 
ing a width of 10 mm and a length of 200 mm. Much of 
portions to be removed of the coating layer were left 
non-peeled on the collector, and it was hard to form the 
non-coated portion on the basis of the prescribed pat- 55 
tern. Scratches were observed on the surface of the col- 
lector. 



Comparative Example No. 1-3 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 1-1. 
The thus obtained electrode plates for the positive and 
negative electrodes were kept at a room temperature. 
Then, polypropylene (having the product name of "VIS- 
COL 550P" manufactured by SANYO KASEI KOGYO 
CO. LTD.) which has been heated to a temperature of 
250°C to melt it, was applied on these electrode plates 
in a shape of strip having a width of 10 mm and a length 
of 200 mm by means of a dispenser. Then, the polypro- 
pylene was completely solidified by an air cooling step. 
The applied polypropylene was solidified on the surface 
of the coating layer prior to the permeation thereof 
through the inside the coating layer. As a result, even 
when the polypropylene was removed, the portion to be 
removed of the coating layer was left non-peeled on the 
surface of the collector, thus making it impossible to form 
any non-coated portion. 

Comparative Example No. 1-4 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 1-1. 
The thus obtained electrode plates for the positive and 
negative electrodes were placed on a hot plate heated 
to a temperature of 70°C. Wax (having the product name 
of "SP-0145" manufactured by NIPPON SEIRO CO. 
LTD.) which has been heated to a temperature of 1 60°C 
to melt it, was applied on these electrode plates in a 
shape of strip having a width of 10 mm and a length of 
200 mm by means of a dispenser. Then, the hot plate 
was removed, to solidify the wax. Since the wax has a 
low viscosity when the melting thereof, it spread over in 
the inside of the coating layer in a direction along a plane 
parallel to the surface thereof by the capillary phenom- 
enon, thus making it impossible to form a sharp pattern. 

[Present Invention in Second Group] 

Experiment Example No. 2-1 

A coaling composition for a positive electrode, con- 
taining active material for the positive electrode was pre- 
pared in the following manner. Materials for the coating 
composition for the positive electrode composed of 
LiCo0 2 powder of 90 wt. parts having a particle si; :.■ of 
from 1 to 100 n m and an average particle size of On 
m, graphite powder of 5.0 wt. parts as a conductive 
agent, polyvinylidene fluoride of 4 wt. parts as a binder 
(having the product name of "NEOFLON VDF, VP-850" 
manufactured by DAIKIN INDUSTRIES, CO. LTD.) and 
N-methylpyrrolidone of 20 wt. parts. Of these materials, 
polyvinylidene fluoride was previously dissolved by pol- 
yvinylidene fluoride to prepare varnish. The other pow- 
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dery materials were added to the thus prepared varnish, 
and these powdery materials and the varnish were 
stirred and mixed by means of a planetary mixer (man- 
ufactured by KODAIRA SEISAKUSHO CO. LTD.) for a 
period of time of 30 minutes, to prepare a coating com- 
position in a form of slurry for the positive electrode con- 
taining the active material for the positive electrode. The 
thus prepared coating composition had viscosity of 
39,000 cR 

The.coating composition for the positive electrode 
containing the active material for the positive electrode 
was applied on an area having a width of 300 mm and 
a length of 500 mm of a collector made of an aluminum 
foil having a thickness of 20 u. m, a width of 320 mm and 
a length of 600 mm with the use of a coating apparatus 
under applying conditions comprising an inside diame- 
ter of a nozzle ol 0.92 mm and a pressure of 0.2 kgf/ 
cm 2 . The moving velocity of the nozzle was 30 mm/sec, 
and the forwarding pitch was G mm/min. during the ap- 
plying step. The tip of the nozzle had a wide slit-shape, 
unlike the conventional needle-shape, thus permitting 
ihe application of the coating composition in a widih of 
30 mm by one operation. 

Then, the applied coating composition was dried at 
a temperature of B0°C to remove the solvent contained 
therein, thereby forming an active material coating layer. 
In order to make the surface of the coating layer smooth 
and uniform, a polyethylene terephthalate film was 
placed and pressed on the coating layer, and then this 
film was peeled therefrom. Then, the coating layer was 
dried in an oven heated to a temperature of 120°C for 
two minutes. The coating layer had a thickness of 130 
fi m after the completion of the drying step. 

Then, a non-woven fabric cloth (having the product 
name of "FC-406" manufactured by JAPAN VILENE 
CO. LTD.) having a thickness of 420 u. m, a width of 310 
mm and a length of 550 mm was impregnated with poly- 
propylene (having the product name of "VISCOL 550P U 
manufactured by SANYO KASEI KOGYO CO. LTD.) 
which has been heated to a temperature of 250°C to 
melt it, thereby preparing a peeling sheet. The thus pre- 
pared peeling sheet had a thickness of 470 u. m, and an 
amount of polypropylene with which the non-woven fab- 
ric cloth was impregnated, was 270 g/cm 2 . 

The peeling sheet was placed on the active material 
coating layer, and they were pressed to each other by 
means of a flat plate press having a width of 305 mm 
and a length of 25 mm. The pressing conditions com- 
prised a pressure of 50kgf/cm 2 and a pressing time of 
three seconds. The flat plate press comprised two flat 
pressing plates, one plate coming into contact with the 
surface of the electrode plate, which was opposite to the 
surface on which the active material layer has been 
formed, was kept at a temperature of 150°C, and the 
other plate was kept at a temperature of 25°C : which 
was equal to a room temperature. The distance between 
the two pressing plates was kept 125 j.i m during the 
pressing step. After completion of the heat pressing 
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step, they were left for one minute as they are, and then, 
the peeling sheet was peeled from the collector having 
the active material layer. In this stage, a portion of the 
active material layer was transferred to the peeling 

5 sheet, thereby permitting the easy peeling of the portion 
thereof on the basis of the prescribed pattern. As a re- 
sult, the collector had a non-coated portion on the basis 
of the prescribed pattern, which had a sharp edge and 
in which there was no production of powdery flakes of 

10 the coating layer. 

Experiment Example No. 2-2 

A coating composition for a negative electrode, con- 
75 taining active material for the negative electrode was 
prepared in the following manner. Materials for the coat- 
ing composition for the negative electrode composed of 
graphite powder of 85 wt. parts, polyvinylidene fluoride 
of 1 5 wt. parts as a binder (having the product name of 

20 "NEOFLON VDF, VP-850" manufactured by DAIKIN IN- 
DUSTRIES, CO. LTD.) and N-.methylpyrrolidone of 225 
wl. parts. These powdery mate rials were dispersed in a 
dispersing machine at 8,000 rpm, to prepare a coating 
composition for the negative electrode containing the 

2S active material for the negative electrode. The thus pre- 
pared coating composition had viscosity of 32,500 cP. 

An applying step of the above-described coating 
composition for the negative electrode, a solvent-re- 
moving step, a pressing step and a drying step which 

30 were the same as those in the Experimental Example 
2-1, were applied to a collector made of a copper foil 
having a thickness of 14 ji m, a width of 320 mm and a 
length of 600 mm to form an active material coating layer 
thereon. The active material coating layer had a thick- 

35 ness of 1 00 |i m after the completion of the drying step. 
A peeling sheet was prepared in the same manner 
as in the Experiment Example No. 2-1. The peeling 
sheet was placed on the active material coating layer, 
and they were pressed to each other by means of a flat 

to plate press having a width of 305 mm and a length of 
88 mm. The pressing conditions comprised a pressure 
of 1 25kgf/cm 2 and a pressing time of three seconds. The 
flat plate press comprised two flat pressing plates : one 
plate coming into contact with the surface of the elec- 
ts trode plate, which was opposite to the surface on which 
the active material layer has been formed, was kept at 
a temperature of 140°C, and the other plate was kept at 
a temperature of 25°C, which was equal to a room tem- 
perature. The distance between the two pressing plates 

50 was kept 125 u, m during the pressing step. After com- 
pletion of the heat pressing step, they were left for one 
minute as they are, and then, the peeling sheet was 
peeled from the collector having the active material lay- 
er. In this stage, a portion of the active material layer 

55 was transferred to the peeling sheet, thereby permitting 
the easy peeling of the portion thereof on the basis of 
the prescribed pattern. As a result, the collector had a 
non-coated portion on the basis of the prescribed pat- 
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tern, which had a sharp edge and in which there was no 
production of powdery flakes of the coating layer. 

Experiment Example No. 2-3 

A collector having an active material coating layer 
for the positive electrode and a peeling sheet were pre- 
pared in the same manner as in the Experiment Exam- 
ple No. 2-1 . The peeling sheet was placed on the active 
material coating layer, and they were pressed to each 
other by means of a roll press having a width of 305 mm 
and a roll diameter of 200 mm. The pressing conditions 
comprised a linear pressure of 67kgf/cm and a traveling 
velocity of 12.6 cm/min. The roll press comprised two 
pressing rolls, one roll coming into contact with the sur- 
face of the electrode plate, which was opposite to the 
surface on which the active material layer has been 
formed, was kept at a temperature of 175°C, and the 
other roll was kept at a temperature of 25°C, which was 
equal to a room temperature. The distance between the 
two pressing rolls was kept 150pm during the pressing 
step. After completion of the heat pressing step, they 
were left for one minute as they are, and then, the peel- 
ing sheet was peeled from the collector having the active 
material layer. In this stage, a portion of the active ma- 
terial layer was transferred to the peeling sheet, thereby 
permitting the easy peeling of the portion thereof on the 
basis of the prescribed pattern. As a result, the collector 
had a non-coated portion on the basis of the prescribed 
pattern, which had a sharp edge and in which there was 
no production of powdery flakes of the coating layer. 

Experiment Example No. 2-4 

A collector having an active material coating layer 
for the negative electrode and a peeling sheet were pre- 
pared in the same manner as in the Experiment Exam- 
ple No. 2-2. The peeling sheet was placed on the active 
material coating layer, and they were pressed to each 
other by means of a roll press having a width of 305 mm 
and a roll diameter of 200 mm. The pressing conditions 
comprised a linear pressure of 100kgf/cm and a 
traveling velocity of 12.6 cm/min. The roll press com- 
prised two pressing rolls, one roll coming into contact 
with the surface of the electrode plate, which was oppo- 
site to the surface on which the active material layer has 
been formed, was kept at a temperature of 165°C, and 
the other roll was kept at a temperature of 25°C, which 
was equal to a room lemperature. The distance between 
the two pressing rolls was kept 1 50 u. m during the press- 
ing step. After completion of the heat pressing step, they 
were left for one minute as they are, and then, the peel- 
ing sheet was peeled from the collector having the active 
material layer. In this stage, a portion of the active ma- 
terial layer was transferred to the peeling sheet, thereby 
permitting the easy peeling of the portion thereof on the 
basis of the prescribed pattern. As a result, the collector 
had a non-coated portion on the basis of the prescribed 



pattern, which had a sharp edge and in which there was 
no production of powdery flakes of the coating layer. 

Experiment Example No. 2-5 

A collector having an active material coating layer 
for the positive electrode, another collector having an 
active material coating layer for the negative electrode, 
and a peeling sheet were prepared in the same manner 
10 as in the Experiment Example Nos. 2-1 through 2-4, and 
the same heat pressing step and the same peeling step 
through the transfer action as therein were carried out, 
except that polyethylene (having the product name of 
"SANWAX 161 P" manufactured by SANYO KASEI KO- 
is GYO CO. LTD.) was used as thermoplastic resin. As a 
result, the collector had a non-coated portion on the ba- 
sis of the prescribed pattern, which had a sharp edge 
and in which there was no production of powdery flakes 
of the coating layer. 

20 

Experiment Example No. 2-6 

A collector having an active material coating layer 
for the positive electrode, another collector having an 
25 active material coating layer for the negative electrode, 
and a peeling sheet were prepared in the same manner 
as in the Experiment Example Nos. 2-1 through 2-4, and 
the same heat pressing step and the same peeling step 
through the transfer action as therein were carried out, 
30 except that polyethylene (having the product name of 
M A-C392 n manufactured by ALLIED SIGNAL CO. LTD.) 
was used as thermoplastic resin. As a result, the collec- 
tor had a non-coated portion on the basis of the pre- 
scribed pattern, which had a sharp edge and in which 
35 there was no production of powdery flakes of the coating 
layer. 

Experiment Example No. 2-7 

40 A collector having an active material coating layer 
for the positive electrode, another collector having an 
active material coating layer for the negative electrode, 
and a peeling sheet were prepared in the same manner 
as in the Experiment Example Nos. 2-1 through 2-4, and 
45 the same heat pressing step and the same peeling step 
through the transfer action as therein were carried out, 
except that polyethylene (having the product name of 
"Hoechst-Wax PE1 90" manufactured by HOECHST IN- 
DUCTRY CO. LTD.) was used as thermoplastic resin. 
50 As a result, the collector had a non-coated portion on 
the basis of the prescribed pattern, which had a sharp 
edge and in which there was no production of powdery 
flakes of the coating layer. 

55 Experiment Example No. 2-8 

A collector having an active material coating layer 
for the positive electrode, another collector having an 
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active material coating layer for the negative electrode, 
and a peeling sheet were prepared in the same manner 
as in the Experiment Example Nos. 2-1 through 2-4, and 
the same heat pressing step and the same peeling step 
through the transfer action as therein were carried out, 
except that polyethylene (having the product name of 
"Hoechst-Wax PE 1 91 " manufactured by HOECHST IN- 
DUCTRY CO. LTD.) was used as thermoplastic resin. 
As a result, the collector had a non-coated portion on 
the basis of the prescribed pattern, which had a sharp 
edge and in which there was no production of powdery 
flakes of the coating layer. 

Experiment Example No. 2-9 

A collector having an active material coating layer 
for the positive electrode, another collector having an 
active material coating layer tor the negative electrode, 
and a peeling sheet were prepared in the same manner 
as in the Experimenl Example Nos. 2-1 through 2-4, and 
the same heat piessing step and the same peeling step 
through the transfer action as therein were carried out, 
except thai polyethylene (having the product name of 
'Luwnx OA3 Powder" manufactured by BASF JAPAN 
CO LTD ) was used as thermoplastic resin. As a result, 
tho colloctor had a non-coated portion on the basis of 
the prescribed pattern, which had a sharp edge and in 
which there whs no production of powdery flakes of the 
costing inyor 

Experiment Example No. 2-10 

A collector having an active material coating layer 
lor the positive electrode, another collector having an 
active material coating layer for the negative electrode, 
and a peeling sheet were prepared in the same manner 
as in the E xpenmcnt Example Nos. 2-1 through 2-4, and 
the same heat pressing step and the same peeling step 
through the transfer action as therein were carried out, 
except that a non-woven fabric cloth (having the product 
name o! 'JH-1007' manufactured by JAPAN VILENE 
CO LTD ) was used The thus prepared peeling sheet 
had a thickness of 210 u rn, and an amount of polypro- 
pylene with which the non-woven fabric cloth was im- 
pregnated was 1 30 g/cm 2 . As a result, the collector had 
a non-coaled portion on the basis of the prescribed pat- 
tern, which had a sharp edge and in which there was no 
production of powdery flakes of Ihe coaling layer. 

Experiment Example No. 2-11 

A collector having an active material coating layer 
for the positive electrode, another collector having an 
active material coating layer for the negative electrode, 
and a peeling sheet were prepared in the same manner 
as in the Experiment Example Nos. 2-1 through 2-4, and 
the same heat pressing step and the same peeling step 
through the transfer action as therein were carried out, 



except that a non-woven fabric cloth (having the product 
name of n WP-B085 n manufactured by JAPAN VILENE 
CO. LTD.) was used. The thus prepared peeling sheet 
had a thickness of 670 n m, and an amount of polypro- 
s pylene with which the non-woven fabric cloth was im- 
pregnated, was 496 g/cm 2 . As a result, the collector had 
a non-coated portion on the basis of the prescribed pat- 
tern, which had a sharp edge and in which there was no 
production of powdery flakes of the coating layer. 

w 

[Present Invention in Third Group] 

Experiment Example No. 3-1 

is First, a coating composition for a positive electrode, 
containing active material for the positive electrode was 
prepared in the following manner. Materials for the coat- 
ing composition for the positive electrode composed of 
LiCo0 2 powder of 89 wt. parts having a panicle size of 

20 from 1 to 100 |i m and an average particle size of 10 u. 
m, graphite powder of 8 wt. parts as a conductive agent, 
and polyvinyiidene fluoride varnish of 33 wt. pan's as a 
binder (having the product name of ,, KF#1100 ,, 1 12% N- 
methyl-2-pyrrolidone solution manufactured by KURE- 

2S HA CHEMICAL INDUSTRY, CO. LTD.). The varnish and 
the other powdery materials added thereto were stirred 
and mixed by means of a planetary mixer (manufactured 
by KODAIRA SEISAKUSHO CO. LTD.) for a period of 
time of 30 minutes, to prepare a coating composition in 

30 a form of slurry for the positive electrode containing the 
active material for the positive electrode. 

With the use of the thus prepared coating composi- 
tion for the positive electrode, the coating step was car- 
ried out on a collector as a substrate made of an alumi- 

35 num foil having a thickness of 20 u. m and a width of 
300mm by means of a die coater. Then, a drying step 
was carried out by passing the substrate applied with 
the coating composition through a drying oven having a 
length of 8 m (having a plurality of different temperature 

40 zones of 80°C, 100°C, 130°C and 140°C) at a traveling 
velocity of 4 m/min, to form a coating layer on the sub- 
strate made of the aluminum foil, which included the ac- 
tive material lor the positive electrode and had a thick- 
ness of 90 u. m in a drying state. Further, the resultant 

45 coating layer including the active material for the posi- 
tive electrode was subjected to an aging treatment in a 
vacuum oven at a temperature of 100°C for 48 hours to 
remove moisture in the coating layer, thereby preparing 
an electrode plate for the positive electrode. 

50 Then, a coating composition for a negative elec- 
trode, containing active material for the negative elec- 
trode was prepared in the following manner. Materials 
for the coating composition for the negative electrode 
composed of graphite powder of 85 wt. parts, polyvinyli- 

55 dene fluoride varnish of 1 25 wt. parts (having the prod- 
uct name of "KF#1100", 12% N-methyl-2-pyrrolidone 
solution manufactured by KUREHA CHEMICAL IN- 
DUSTRY, CO. LTD.), and N-methyl-2-pyrrolidoneof 115 
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wt. parts as a dispersing medium. A coating composition 
in a form of slurry for the negative electrode was ob- 
tained with the use of these materials by means of the 
same dispersing machine in the same dispersing meth- 
od as in the case of preparation of the coating cornpo- $ 
sition for the positive electrode. 

With the use of the thus prepared coating composi- 
tion for the negative electrode, the coating step was car- 
ried out on a collector as as substrate made of a rolled 
copper foil having a thickness of 15 ji m by means of a to 
die coater. Then, a drying step was carried out by pass- 
ing the substrate applied with the coating composition 
through a drying oven having a length of 8 m (having a 
. plurality of different temperature zones of 80°C, 100°C, 
130°C and 140°C) at a traveling velocity of 2 m/min, to ^ 
form a coating layer on the substrate made of the copper 
foil, which included the active material for the negative 
electrode and had a thickness of 135 p m in a drying 
state. The resultant coating layer including the active 
material for the negative electrode was subjected to the 20 
same aging treatment to remove moisture in the coating 
layer thereby preparing an electrode piate for the neg- 
ative electrode. 

The thus obtained electrode plates for the positive 
and negative electrodes were placed on a hot plate 25 
heated to a tempe rature of 1 90°C. A plate made of poly- 
propylene (having the product name of "VISCOL 550P" 
manufactured by SANYO KASEI KOGYO CO. LTD.) 
and having a rectangular parallelepiped shape with di- 
mensions of 10 cm X 20 cm X 3 cm was gently placed 30 
on the active material layer of the electrode plate. Then, 
they were pressed to each other at a pressing force of 
5 kgf/cm 2 lor three seconds to impregnate the active 
material layer with the polypropylene. Then, the hot 
plate was removed, to solidify the polypropylene in the 35 
impregnated portion of the coating layer. The solidified 
polypropylene was easily peeled from the collector with 
the portion of the active material layer being stuck to the 
polypropylene plate, which has been impregnated with 
the polypropylene, by removing the polypropylene plate *o 
from the electrode plate. The collector had a non-coated 
portion on the basis of the prescribed pattern, which had 
a sharp edge and in which there was no production of 
powdery flakes of the coating layer. 

45 

Experiment Example No. 3-2 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 3-1. 50 
However, the active material layer for the positive elec- 
trode had a thickness of 1 20 p. m and the active material 
layer for the negative electrode had a thickness of 160 
p m. There was carried out the same vacuum drying step 
as in the Experiment Example No. 3-1 . s $ 

The thus obtained electrode plates for the positive 
and negative electrodes were placed on a hot plate 
heated to a temperature of 1 90°C. A plate made of poly- 



propylene (having the product name of "VISCOL 550P" 
manufactured by SANYO KASEI KOGYO CO. LTD.) 
and having a rectangular parallelepiped shape with di- 
mensions of 10 cm X 20 cm X 3 cm was gently placed 
on the active material layer of the electrode plate. Then, 
they were pressed to each other at a pressing force of 
5 kgf/cm 2 for three seconds to impregnate the active 
material layer with the polypropylene. Then, the hot 
plate was removed, to solidify the polypropylene in the 
impregnated portion of the coating layer. The solidified 
polypropylene was easily peeled from the collector with 
the portion of the active material layer being stuck to the 
polypropylene plate, which has been impregnated with 
the polypropylene, by removing the polypropylene plate 
from the electrode plate. The collector had a non-coated 
portion on the basis of the prescribed pattern, which had 
a sharp edge and in which there was no production of 
powdery flakes of the coating layer. 

Experiment Example No. 3-3 

Electrode plates tor the positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 3-1. 
The thus obtained electrode plates for the positive and 
negative electrodes were placed on a hot plate heated 
to a temperature of 190°C. A plate made of polypropyl- 
ene (having the product name of "VISCOL 550P" man- 
ufactured by SANYO KASEI KOGYO CO. LTD.) and 
having a rectangular parallelepiped shape with dimen- 
sions of 10 cm X 20 cm X 3 cm was gently placed on 
the active material layer of the electrode plate. Then, 
they were pressed to each other at a pressing force of 
5 kgf/cm 2 for three seconds to impregnate the active 
material layer with the polypropylene. Then, the hot 
plate was removed, to solidify the polypropylene in the 
impregnated portion of the coating layer. The solidified 
polypropylene was easily peeled from the collector by 
applying tension to the collector to lift up the polyethyl- 
ene, since it was hard and brittle. The collector had a 
non-coated portion on the basis of the prescribed pat- 
tern, which had a sharp edge and in which there was no 
production of powdery flakes of the coating layer. 

Experiment Example No. 3-4 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 3-1. 
The thus obtained electrode plates for the positive and 
negative electrodes were placed on a hot plate heated 
to a temperature of 190°C. A cylindrical block made of 
polypropylene (having the product name of "VISCOL 
550P" manufactured by SANYO KASEI KOGYO CO. 
LTD.) and having a diameter of 1 cm and a length of 10 
cm was gently placed on the active material layer of the 
electrode plate so that the end of the cylindrical block 
was brought into contact with the surface of the active 
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material layer. The cylindrical block was moved along a 
straight line at a velocity of 60 cm/min., while applying 
a pressure of 5kgf/cm 2 to the block. Then, the cylindrical 
polypropylene block and the hot plate were removed, to 
solidify the polypropylene in the impregnated portion of 
the coating layer. The solidified polypropylene was eas- 
ily peeled from the collector by applying tension to the 
collector to lift up the polyethylene, since it was hard and 
brittle. The collector had a non-coated portion on the ba- 
sis of the prescribed pattern, which had a sharp edge 
and in which there was no production of powdery flakes 
of the coating layer. 

Experiment Example No. 3-5 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 3-1. 
The thus obtained electrode plates for the positive and 
negative electrodes were subjected to a pressing treat- 
ment at a pressure of 3,000kgf/cm 2 by means of a roll 
press. A piate made of polypropylene (having the prod- 
uct name of "VISCOL 550P" manufactured by SANYO 
KASEI KOGYO CO. LTD.) and having a rectangular par- 
allelepiped shape with dimensions of 10 cm X 20 cm X 
3 cm was gently placed on the active material layer of 
the electrode plate. Then, they were pressed to each 
other at a pressing force of 5 kgf/cm 2 for three seconds 
to impregnate the active material layer with the polypro- 
pylene. Then, the hot plate was removed, to solidify the 
polypropylene in the impregnated portion of the coating 
layer. The solidified polypropylene was easily peeled 
from the collector with the portion of the active material 
layer being stuck to the polypropylene plate, which has 
been impregnated with the polypropylene, by removing 
the polypropylene plate from the electrode plate. The 
collector had a non-coated portion on the basis of the 
prescribed pattern, which hada sharp edge and in which 
there was no production of powdery flakes of the coating 
layer. 

Comparative Example No. 3-1 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 3-1. 
An adhesive tape having a width of 10 mm and a length 
of 200 mm was stuck onto each of the thus obtained 
electrode plates for the positive and negative elec- 
trodes, and then, the adhesive tape was peeled from 
each of the electrode plates to prepare a non-coated 
portion thereon. As a result, much of portions to be re- 
moved of the coating layer were left non-peeled on the 
collector, and the non-coated portion had a blunt edge 
and in which there was observed the production of pow- 
dery flakes of the coating layer. 



Comparative Example No. 3-2 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 

s ing conditions as in the Experiment Example No. 3-1. 
The coating layer of each of the electrode plates for the 
positive and negative electrodes was scraped off by 
means of a spatula to prepare a non-coated portion hav- 
ing a width of 1 0 mm and a length of 200 mm. As a result, 

to much of portions to be removed of the coating layer were 
left non-peeled on the collector, and it was hard to form 
the non-coated portion on the basis of the prescribed 
pattern. Scratches were observed on the surface of the 
collector. 

75 

Comparative Example No. 3-3 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 

20 ing conditions as in the Experiment Example No. 3-1. 
The thus obtained electrode plates for the positive and 
negative electrodes were kept at a room temperature. 
Then, polypropylene (having the product name of "VIS- 
COL 550P" manufactured by SANYO KASEI KOGYO 

25 CO. LTD.) which has been heated to a temperature of 
250°C to melt it, was applied on these electrode plates 
in a shape of strip having a width of 1 0 mm and a length 
of 200 mm by means of a dispenser. Then, the polypro- 
pylene was completely solidified by an air cooling step. 

30 The applied polypropylene was solidified on the surface 
of the coating layer prior to the permeation thereof 
through the inside the coating layer. As a result, even 
when the polypropylene was removed, the portion to be 
removed of the coating layer was left non-peeled on the 

35 surface of the collector, thus making it impossible to form 
any non-coated portion. 

Comparative Example No. 3-4 

40 Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 3-1. 
The thus obtained electrode plates for the positive and 
negative electrodes were placed on a hot plate heated 

45 to a temperature of 70°C. Wax (having the product name 
of "SP-0145" manufactured by NIPPON SEIRO CO. 
LTD.) which has been heated to a temperature of 160°C 
to melt it, was applied on these electrode plates in a 
shape of strip having a width of 10 mm and a length of 

so 200 mm by means of a dispenser. Then, the hot plate 
was removed, to solidify the wax. Since the wax has a 
low viscosity when the melting thereof, it spread over in 
the inside of the coating layer in a direction along a plane 
parallel to the surface thereof by the capillary phenom- 

55 enon, thus making it impossible to form a sharp pattern. 
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Comparative Example No. 3-5 

Electrode plates for the positive and negative elec- 
trodes were prepared under the same applying and dry- 
ing conditions as in the Experiment Example No. 3-1. 
However, the active material layer for the positive elec- 
trode had a thickness of 1 20 u rn and the active material 
layer for the negative electrode had a thickness of 160 
u m. There was carried out the same vacuum drying step 
as in the Experiment Example No. 3-1. The thus ob- 
tained electrode plates for the positive and negative 
electrodes were placed on a hot plate heated to a tem- 
perature of 190°C. Then, polypropylene (having the 
product name of "VISCOL 550P" manufactured by SAN- 
YO KASEI KOGYO CO. LTD.) which has been heated 
to a temperature of 250°C to melt it, was applied on 
these electrode plates in a shape of strip having a width 
of 10 mm and a length of 200 mm by means of a dis- 
penser. They were left for 30 minutes as they were. 
Then, the hoi plate was removed from the electrode 
plate, and the polypropylene was completely solidified 
by an air cooling step. The applied polypropylene was 
solidified on the surface of the coating layer prior to the 
permeation thereof through the inside the coating layer. 
As «'i result even when the polypropylene was removed, 
tho portion to bo removed of the coating layer was left 
non-pecloo on the surface of the collector thus making 
it impossible to form any satisfactory non-coated por- 
tion 

(Prcsen: Invention in Fourth Group] 

Experiment Example No. 4-1 

(1) Electrode Plate for Positive Electrode 

LiCcO : powder of 69 wt. parts as active material for 
the positive electrode, having a particle size of from 1 to 
100 \. mand an average particle size of 10ji m, graphite 
powder ot 8 wt parts as a conductive agent were added 
to pclyvinyltdenc fluoride varnish of 33 wt. parts as a 
binder (having the product name of "KF#1100 n , 12% N- 
mcthyl-2-pyrrohdone solution manufactured by KURE- 
HA CHEMICAL INDUSTRY, CO. LTD.). These materials 
were stirred and mixed by means of a planetary mixer 
(manufactured by KODAIRA SEISAKUSHO CO. LTD.) 
for a period of time of 30 minutes, to prepare a coating 
composition in a form of slurry for the positive electrode. 

With the use of the thus prepared coating composi- 
tion for the positive electrode, the coating step was car- 
ried out on a collector as a substrate made of an alumi- 
num foil having a thickness of 20 p m and a width of 
300mm by means of a die coater. Then, a drying step 
was carried out by passing the substrate applied with 
the coating composition through a drying oven having a 
length of 8 m (having a plurality of different temperature 
zones of 80°C, 100°C, 1 30°C and 1 40°C) at a traveling 
velocity of 4 m/min, to form a coating layer on the sub- 



strate made of the aluminum foil, which had a thickness 
of 90 jj m in a drying state. Further, the resultant coating 
layer including the active material for the positive elec- 
trode was subjected to an aging treatment in a vacuum 
5 oven at a temperature of 80°C for 48 hours to remove 
moisture in the coating layer, thereby preparing an elec- 
trode plate for the positive electrode. 

(2) Electrode Plate for Negative Electrode 

w 

Graphite powder of 85 wt. parts as active material 
for the negative electrode, polyvinylidene fluoride var- 
nish of 125 wt. parts as a binder (having the product 
name of "KF#1100", 12% N-methyl-2-pyrroIidone solu- 

is tion manufactured by KUREHA CHEMICAL INDUS- 
TRY, CO. LTD. ) and N-methy l-2-pyrrolidone were stirred 
and mixed, as in the above-described production of the 
positive electrode, by means of a planetary mixer (man- 
ufactured by KODAIRA SEISAKUSHO CO. LTD.) for a 

20 period of time of 30 minutes, to prepare a coating com- 
position in a form of slurry for the negative electrode. 

With the use of the thus prepared coating composi- 
tion for the negative electrode, the coating step was car- 
ried out on a collector as a substrate made of a rolled 

25 copper foil having a thickness of 1 5 u. m and a width of 
300mm by means of a die coater. Then, a drying step 
was carried out by passing the substrate applied with 
the coating composition through a drying oven having a 
length of 8 m (having a plurality of different temperature 

30 zones of 80°C, 100°C, 1 30°C and 140°C) at a traveling 
velocity of 2 m/min, to form a coating layer on the sub- 
strate made of the aluminum foil, which had a thickness 
of 135 ji m in a drying state. Further, the resultant coat- 
ing layer including the active material for the negative 

35 electrode was subjected to an aging treatment in a vac- 
uum oven at a temperature of 80°C for 48 hours to re- 
move moisture in the coating layer, thereby preparing 
an electrode plate for the negative electrode. 

to (3) Formation of Pattern 

The thus obtained electrode plates for the positive 
and negative electrodes were placed on a hot plate 
heated to a temperature of 190°C. Polypropylene wax 

45 (having the product name of "VISCOL 550P" manufac- 
tured by SANYO KASEI KOGYO CO. LTD.) which has 
been heated to a temperature of 250° C to melt it, was 
applied on these electrode plates in a shape of strip hav- 
ing a width of 100 mm, a length of 200 mm and a thick- 

50 ness of 0.6 mm by means of a hot-melting gun. Then, a 
polyester mesh sheet (having the product name of 
"TNO70S n manufactured by NIPPON TOKUSHU ORI- 
MONO CO. LTD; mesh size : 70 mesh, a fiber diameter : 
71 u. m) was brought into contact with the surface of the 

55 applied molten wax, while applying tension to the mesh 
sheet, to cause the wax to permeate almost uniformly 
through the mesh sheet. Then the hot plate was re- 
moved to solidify the wax. 
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The solidified wax was supported in the mesh sheet 
without the production of large cracks on the wax. The 
solidified wax was easily peeled together with the por- 
tion of the coating layer, through which the wax has been 
permeated, on the basis of the prescribed pattern, by $ 
removing the mesh sheet from the electrode plate The 
thus peeled wax and the wax impregnated-portion of the 
coating layer were stuck on the mesh sheet, keeping the 
prescribed pattern formed on the mesh sheet. The col- 
lector had a non-coated portion on the basis of the pre- to 
scribed - pattern, which had a sharp edge and in which 
there was no production of powdery flakes of the coating 
layer. 

Experiment Example No. 4-2 75 

Electrode plates for the positive and negative elec- 
trodes were prepared as in the same manner as the Ex- 
periment Example No. 4-1 . The thus obtained electrode 
plates for the positive and negative electrodes were 20 
placed on a hot plate heated to a temperature of 1 90°C. 
A plate made of polypropylene wax (having the product 
name of "VISCOL 550P" manufactured by SANYO KA- 
SEI KOGYO CO. LTD.) and having a rectangular paral- 
lelepiped shape with dimensions of 10 cm X 20 cm X 3 25 
cm was gently placed on the active material layer of the 
electrode plate. Then, they were pressed to each other 
at a pressing force of 5 kgf/cm 2 for three seconds. Then, 
the polypropylene plate was removed, and a polyester 
mesh sheet (having the product name of "TNO70S" 30 
manufactured by NIPPON TOKUSHU ORIMONO CO. 
LTD: mesh size : 70 mesh, a fiber diameter : 71 u, m) 
was brought into contact with the surface of the applied 
molten wax existing on the coating layer for the elec- 
trode plate, while applying tension to the mesh sheet, to 35 
cause the wax to permeate almost uniformly through the 
mesh sheet. Then the hot plate was removed to solidify 
the wax. 

The solidified wax was supported in the mesh sheet 
without the production of large cracks on the wax. The 40 
solidified wax was easily peeled together with the por- 
tion of the coating layer, through which the wax has been 
permeated, on the basis of the prescribed pattern, by 
removing the mesh sheet from the electrode plate The 
thus peeled wax and the wax impregnated - portion of 45 
the coating layer were stuck on the mesh sheet, keeping 
the prescribed pattern formed on the mesh sheet. The 
collector had a non-coated portion on the basis of the 
prescribed pattern, which hada sharp edge and in which 
there was no production of powdery flakes of the coating so 
layer. 

Experiment Example No. 4-3 

Electrode plates for the positive and negative elec- 55 
trodes were prepared as in the same manner as the Ex- 
periment Example No. 4-1 . The thus obtained electrode 
plates for the positive and negative electrodes were 



placed on a hot plate heated to a temperature of 1 90°C. 
Polypropylene wax (having the product name of 'VIS- 
COL 550P" manufactured by SANYO KASEI KOGYO 
CO. LTD.) which has been heated to a temperature of 
250°C to melt it, was applied on these electrode plates 
in a shape of strip having a width of 100 mm, a length 
of 200 mm and a thickness of 0.6 mm by means of a 
hot-melting gun. Then, a stainless steel mesh sheet 
having the mesh size of 80 mesh and a fiber diameter 
of 54 [i m was brought into contact with the surface of 
the applied molten wax, while applying tension to the 
mesh sheet, to cause the wax to permeate almost uni- 
formly through the mesh sheet. Then the hot plate was 
removed to solidify the wax. 

The solidified wax was supported in the mesh sheet 
without the production of large cracks on the wax. The 
solidified wax was easily peeled together with the por- 
tion of the coating layer, through which the wax has been 
permeated, on the basis of the prescribed pattern, by 
removing the mesh sheet from the electrode plate The 
thus peeled wax and the wax impregnated - portion of 
the coating layer were stuck on the mesh sheet, keeping 
the prescribed pattern formed on the mesh sheet. The 
collector had a non-coated portion on the basis of the 
prescribed pattern, which had a sharp edge and in which 
there was no production ol powdery flakes of the coating 
layer. 

Experiment Example No. 4-4 

Electrode plates for the positive and negative elec- 
trodes were prepared as in the same manner as the Ex- 
periment Example No. 4-1 . The thus obtained electrode 
plates for the positive and negative electrodes were 
placed on a hot plate heated to a temperature of 1 90°C. 
Polypropylene wax (having the product name of "VIS- 
COL 550P" manufactured by SANYO KASEI KOGYO 
CO. LTD.) which has been heated to a temperature of 
250° C to melt.it, was applied on these electrode plates 
in a shape of strip having a width of 100 mm, a length 
of 200 mm and a thickness of 0.6 mm by means of a 
hot-melting gun. Then, a non-woven fabric cloth (having 
the product name of "KH-3002K" manufactured by JA- 
PAN VILENE CO. LTD.) was brought into contact with 
the surface of the applied molten wax, while applying 
tension to the non-woven fabric cloth, to cause the wax 
to permeate almost uniformly through the non-woven 
fabric cloth. Then, the hot plate was removed to solidify 
the wax. 

The solidified wax was supported in the mesh sheet 
without the production of large cracks on the wax. The 
solidified wax was easily peeled together with the por- 
tion of the coating layer, through which the wax has been 
permeated, on the basis of the prescribed pattern, by 
removing the mesh sheet from the electrode plate The 
thus peeled wax and the wax impregnated - portion of 
the coating layer were stuck on the mesh sheet, keeping 
the prescribed pattern formed on the mesh sheet. The 
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collector had a non-coated portion on the basis of the 
prescribed pattern, which had a sharp edge and in which 
there was no production of powdery flakes of the coating 
layer. 

Experiment Example No. 4-5 

Electrode plates for the positive and negative elec- 
trodes were prepared as in the same manner as the Ex- 
periment Example No. 4-1 . The thus obtained electrode 
plates for the positive and negative electrodes were 
placed on a hot plate heated to a temperature of 1 90°C. 
Polypropylene wax (having the product name of "VIS- 
COL 550P" manufactured by SANYO KASEI KOGYO 
CO. LTD.) which has been heated to a temperature of 
250°C to melt it, was applied on these electrode plates 
in a shape of strip having a width of 100 mm, a length 
of 200 mm and a thickness of 0.6 mm by means of a 
hot-melting gun. Then, they were cooled to a tempera- 
ture of 100°C to solidify the polypropylene wax. Then, 
a stainless steel mesh sheet having the mesh size of 80 
mesh and a fiber diameter of 54 ^ m was brought into 
contact with the surface of the applied wax, while apply- 
ing tension to the mesh sheet. A heating plate which has 
been heated to a temperature of 190°C was gently 
placed on the mesh sheet for three seconds to remelt a 
portion of the wax, which was in contact with the mesh 
sheet so that the mesh sheet was embedded into the 
wax. Finally, the remelted wax was cooled to solidify. 

The solidified wax was supported in the mesh 
sheet. The solidified wax was easily peeled together 
with the portion of the coating layer, through which the 
wax has been permeated, on the basis of the prescribed 
pattern, by removing the mesh sheet from the electrode 
plate The thus peeled wax and the wax impregnated 
-portion of the coating layer were stuck on the mesh 
sheet, keeping the prescribed pattern formed on the 
mesh sheet. The collector had a non-coated portion on 
the basis of the prescribed pattern, which had a sharp 
edge and in which there was no production of powdery 
flakes of the coating layer. 

Experiment Example No. 4-6 

Electrode plates for the positive and negative elec- 
trodes were prepared as in the same manner as the Ex- 
periment Example No. 4-1 . The thus obtained electrode 
plates for the positive and negative electrodes were 
placed on a hot plate heated to a temperature of 1 90°C. 
Polypropylene wax (having the product name of "VIS- 
COL 550P' manufactured by SANYO KASEI KOGYO 
CO. LTD.) which has been heated to a temperature of 
250°C to melt it, was applied on these electrode plates 
in a shape of strip having a width of 100 mm, a length 
of 200 mm and a thickness of 0.6 mm by means of a 
hot-melting gun. Then, they were cooled to a tempera- 
ture of 100°C to solidify the polypropylene wax Then, 
a stainless steel mesh sheet having the mesh size of 80 



mesh and a fiber diameter of 54 j.i m, which has previ- 
ously been heated to a temperature of 190°C was 
brought into contact with the surface of the applied wax, 
while applying tension to the mesh sheet, to remelt a 

5 portion of the wax, which was in contact with the mesh 
sheet so that the mesh sheet was embedded into the 
wax. Finally, the remelted wax was cooled to solidify. 

The solidified wax was supported in the mesh 
sheet. The solidified wax was easily peeled together 

io with the portion of the coating layer, through which the 
wax has been permeated, on the basis of the prescribed 
pattern, by removing the mesh sheet from the electrode 
plate The thus peeled wax and the wax impregnated 
-portion of the coating layer were stuck on the mesh 

75 sheet, keeping the prescribed pattern formed on the 
mesh sheet. The collector had a non-coated portion on 
the basis of the prescribed pattern, which had a sharp 
edge and in which there was no production of powdery 
flakes of the coating layer. 

20 

Experiment Example No. 4-7 

Electrode plates for the positive and negative elec- 
trodes were prepared as in the same manner as the Ex- 

25 periment Example No. 4-1 . The thus obtained electrode 
plates for the positive and negative electrodes were 
placed on a hot plate heated to a temperature of 1 90°C. 
Polypropylene wax (having the product name of "VIS- 
COL 550P M manufactured by SANYO KASEI KOGYO 

30 CO. LTD.) which has been heated to a temperature of 
250°C to melt it, was applied on these electrode plates 
in a shape of strip having a width of 100 mm, a length 
of 200 mm and a thickness of 0.6 mm by means of a 
hot-melting gun. Then, a polyester mesh sheet (having 

35 the product name of "TNO40T" manufactured by NIP- 
PON TOKUSHU ORIMONO CO. LTD; mesh size : 40 
mesh, a fiber diameter : 200 u, m) was brought into con- 
tact with the surface of the applied molten wax existing 
on the coating layer for the electrode plate, while apply- 

*o jng tension to the mesh sheet, to cause the wax to per- 
meate almost uniformly through the mesh sheet. Then 
the hot plate was removed to solidify the wax. 

The solidified wax was supported in the mesh sheet 
without the production of large cracks on the wax. Al- 

45 though a small piece of the coating layer, impregnated 
with the wax was left non-peeled on the surface of the i 
collector when the mesh sheet was removed from the 
electrode plate, such a small piece was easily peeled 
by a spatula. There was no existence of marks of cracks 

50 on the exposed surface of the collector. 

Experiment Example No. 4-8 

Electrode plates for the positive and negative elec- 
ts trodes were prepared as in the same manner as the Ex- 
periment Example No. 4-1 . The thus obtained electrode 
plates for the positive and negative electrodes were 
placed on a hot plate heated to a temperature of 1 90°C. 
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Polypropylene wax (having the product name of "VIS- 
COL 550P" manufactured by SANYO KASEI KOGYO 
CO. LTD.) which has been heated to a temperature of 
250°C to melt it, was applied on these electrode plates 
in a shape of strip having a width of 100 mm, a length 
of 200 mm and a thickness of 0.6 mm by means of a 
hot-melting gun. Then, a polyester mesh sheet (having 
the product name of "TNO390T" manufactured by NIP- 
PON TOKUSHU ORIMONO CO. LTD; mesh size :390 
mesh,.a fiber diameter: 34 u. m, porosity: 23%) was 
brought- into contact with the surface of the applied mol- 
ten wax existing on the coating layer tor the electrode 
plate, while applying tension to the mesh sheet, to cause 
the wax to permeate almost uniformly through the mesh 
sheet. Then the hot plate was removed to solidify the 
wax. 

The solidified wax was supported in the mesh sheet 
without the production of large cracks on the wax. The 
solidified wax was easily peeled together with the por- 
tion of the coaling layer, through which the wax has been 
permeated, on the basis of the prescribed pattern, by 
removing the mesh sheet from the electrode plate. 
There was no existence of marks of cracks on the ex- 
posed surface of the collector. However, ten-odd sec- 
onds were required for disappearance of bubbles be- 
tween the mesh sheet and the coating layer, and there 
was observed the spreading of the molten wax in a small 
amount over the boundary between the mesh sheet and 
the coating layer, leading to a blunt edge portion at a 
restricted area of the coating layer. 

Experiment Example No. 4-9 

Electrode plates for the positive and negative elec- 
trodes were prepared as in the same manner as the Ex- 
periment Example No. 4-1 . The thus obtained electrode 
plates for the positive and negative electrodes were 
placed on a hot plate heated to a temperature of 1 90°C. 
Polypropylene wax (having the product name of "VIS- 
COL 550P" manufactured by SANYO KASEI KOGYO 
CO. LTD.) which has been heated to a temperature of 
250°C to melt it, was applied on these electrode plates 
in a shape of strip having a width of 100 mm, a length 
of 200 mm and a thickness of 0.6 mm by means of a 
hot-melting gun. Then, a non-woven fabric cloth (having 
the product name of "FC-406" manufactured by JAPAN 
VILENE CO. LTD., having a thickness of 420 \i m) was 
brought into contact with the surface of the applied mol- 
ten wax existing on the coating layer for the electrode 
plate, while applying tension to the non-woven fabric 
cloth, to cause the wax to permeate almost uniformly 
through the non-woven fabric cloth. Then the hot plate 
was removed to solidify the wax. 

The solidified wax was supported in the non-woven 
fabric cloth without the production of large cracks on the 
wax. Although a small piece of the coating layer, impreg- 
nated with the wax was left non-peeled on the surlace 
of the collector due to a relatively small amount of wax 



permeating through the coating layer, when the mesh 
sheet was removed from the electrode plate, such a 
small piece was easily peeled by a spatula. There was 
no existence of marks of cracks on the exposed surface 
5 of the collector. 

Comparative Example No. 4-1 

Electrode plates for the positive and negative elec- 
io trodes were prepared as in the same manner as the Ex- 
periment Example No. 4-1. An adhesive tape having a 
width of 10 mm and a length of 200 mm was stuck onto 
each of the thus obtained electrode plates for the posi- 
tive and negative electrodes, and then, the adhesive 
75 tape was peeled from each of the electrode plates to 
prepare a non-coated portion thereon. As a result, much 
of portions to be removed of the coating layer were left 
non-peeled on the collector, and the non-coated portion 
had a blunt edge and in which there was observed the 
20 production of powdery flakes of the coating layer. 

Comparative Example No. 4-2 

Electrode plates for the positive and negative elec- 
2S trodes were prepared as in the same manner as the Ex- 
periment Example No. 4-1 . The coating layer of each of 
the electrode plates for the positive and negative elec- 
trodes was scraped off by means of a spatula to prepare 
a non-coated portion having a width of 10 mm and a 
30 length of 200 mm. As a result, much of portions to be 
removed of the coating layer were left non-peeled on 
the collector, and it was hard to form the non-coated por- 
tion on the basis of the prescribed pattern. Scratches 
were observed on the surface of the collector. 

35 

Comparative Example No. 4-3 

Electrode plates for the positive and negative elec- 
trodes were prepared as in the same manner as the Ex- 

40 periment Example No. 4-1 . The thus obtained electrode 
plates for the positive and negative electrodes were 
placed on a hot plate heated to a temperature of 1 90°C. 
Then, polypropylene wax (having the product name of 
"VISCOL 550P" manufactured by SANYO KASEI KO- 

45 GYOCO. LTD.) which has been heated toa temperature 
of 250°C to melt it, was applied on these electrode 
plates in a shape of strip having a width of 10 mm, a 
length of 200 mm and a thickness of 0.6 mm by means 
of a hot-melting gun. Then, the polypropylene wax was 

50 cooled to a room temperature by an air cooling step to 
solidify it. 

There occurred large cracks on the polypropylene 
wax during solidification thereof, leading to the produc- 
tion of numerous pieces of the solidified wax. After re- 
55 moving these numerous pieces of the solidified wax, 
there was existence of marks of cracks on the exposed 
surface of the collector. 

As is clear from the foregoing, according to the Ex- 
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perirnent Examples Nos. 4-1 through 4-6, very excellent 
results were provided. According to the Experiment Ex- 
amples Nos. 4-7 through 4-9, there were provided slight- 
ly poorer results than those in the Experiment Examples 
Nos. 4-1 through 4-6. Reasons therefor were presumed s 
that factors of the porous sheet, such as porosity, mesh 
number, a diameter of the fiber and a thickness were not 
controlled in optimum conditions. 

On the contrary, according to the Comparative Ex- 
amples Nos. 4-1 through 4-3, any favorable results were io 
not obtained. Especially, in the Comparative Example 
No. 4-3, even when the coating layer of the electrode 
plate was impregnated with polypropylene wax, there 
was observed marks of cracks of the wax on the ex- 
posed surface of the collector, due to no use of the po- is 
rous sheet. 

According to the present invention in the first group, 
it is possible to keep the thickness of the coating layer 
uniform and to keep a prescribed pattern sharp. 

According to the present invention in the second 20 
group, it is possible to precisely form an active material 
layer on a collector on the basis of the prescribed pattern 
by heat-pressing a peeling sheet which is obtained by 
impregnating a porous sheet with thermoplastic resin, 
to the collector with the active material. 25 

According to the present invention in the third 
group, it is possible to form precisely and easily form a 
non-coated portion of an active material layer on a sur- 
face of the collector on the basis of the prescribed pat- 
tern without the production of powdery flakes of the ac- 30 
live material layer, in the light of the technical concept 
that, when a molten thermoplastic resin (plastic or wax) 
is permeated through fine numerous cavities existing in 
the active material layer, and then cooled, the thermo- 
plastic resin solidifies to surround the active material lay- 3S 
er, with the result that a region of the active material layer 
impregnated with the thermoplastic resin can easily be 
separated from the other non-impregnated region of the 
active material layer 

According to the present invention in the third 40 
group, it is possible to form efficiently a non-coated por- 
tion of an active material layer on the basis of the pre- 
scribed pattern for a short period of time, since the pat- 
tern forming in the non-coated portion thereof can be 
perlormed by bonding a part of the coaling layer formed 45 
on a substrate or a collector with a porous sheet in an 
integral state by liquid material (i.e. , solid ifiable material) 
having a larger cohesion after solidification thereof than 
that of the coating layer, and then peeling the porous 
sheet from the substrate or the collector on which the so 
coating layer is formed. According to such a process, it 
is possible to form the excellent pattern in measurement 
accuracy without the production of powdery flakes of the 
coating layer on the edge of the non-peeled portion of 
the coating layer, since no mechanical means is re- ss 
quired. The utilization of this pattern forming process 
permits the production of an electrode plate having a 
prescribed pattern for a secondary battery with a non- 



aqueous electrolyte, which is excellent in measurement 
accuracy and reliability, has no mark of cracks on the 
substrate or the collector, and causes no production of 
powdery flakes of the coating layer on the edge of the 
non-peeled portion formed on the basis of the pre- 
scribed pattern. The use of a repeatable material in melt- 
ing and solidification actions as the liquid material per- 
mits modification of the essential steps of the process 
of the present invention in various ways, and as a result, 
the process of the present invention is applicable not 
only a continuous production line, but also a non-con- 
tinuous production line. 



Claims 

1. A process for producing a porous coating layer hav- 
ing a prescribed pattern, which comprises the steps 
of: 

impregnating a porous coating layer formed on 
a substrate wilh liquid material having a larger 
cohesion after solidification thereof than that of 
said coating layer based on a prescribed pat- 
tern; 

solidifying said liquid material to form a solidi- 
fied material; and 

peeling a portion of said coating layer, which 
has been impregnated with said solidified ma- 
terial, to expose partially a surface of said sub- 
strate based on said prescribed pattern. 

2. A process as claimed in Claim 1 , wherein: 

said liquid material comprises material which 
is solid at a room temperature, and can be liquefied 
by heat. 

3. A process as claimed in Claim 2, wherein: 

said material which can be liquefied by heat 
comprises at least one of thermoplastic resin, or- 
ganic or inorganic wax and a low melting point-met- 
al. 

4. A process as claimed in Claim 2, wherein: 

said material which can be liquefied by heat 
has viscosity of from 1 0 to 50,000 cP when the melt- 
ing thereof. 

5. A process as claimed in Claim 2, wherein: 

said material which can be liquefied by heat 
has a melting point of from 20°C to 250°C. 

6. A process as claimed in Claim 2, wherein: 

said material which can be liquefied by heat 
comprises at least one of polyethylene, polypropyl- 
ene, low molecular weight polyethylene, low molec- 
ular weight polypropylene, wax and derivative 
thereof. 
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7. A process as claimed in Claim 1 , wherein: 

said liquid material comprises material which 
can be solidified by chemical reaction. 

8. A process as claimed in Claim 7, wherein: 5 

said liquid material comprises at least one of 
polymerization material and cross-linking material. 

9. A process as claimed in Claim 1 , wherein: 

said substrate is a collector for a lithium bat- io 

tery. 

10. A process as claimed in Claim 1 , wherein: 

said porous coating layer is a coating layer 
comprising active material and a binder. 15 

11. A process as claimed in Claim 1 , wherein: 

a step of bringing a porous sheet into contact 
with a surface of said coating layer to cause a 20 
part of said liquid material existing in said coat- 
ing layer and/or existing on the surface thereof 
to migrate into said porous sheet is carried out 
between said step of impregnating the coating 
layer with the liquid material based on the pre- 25 
scribed pattern and said step of solidifying the 
liquid material; 

said step of solidifying the liquid material com- 
prises integrally solidifying the liquid material 
remaining in said coating layer and the liquid 30 
material caused to migrate into said porous 
sheet: and 

said step of peeling the portion of the coating 
layer comprises peeling the portion of the coat- 
ing layer, which has been impregnated with the 35 
liquid material together with said porous sheet, 
to expose partially the surface of the substrate 
based on the prescribed pattern. 

1 2. A process as claimed in Claim 1 1 , wherein: 40 

the portion of the coating layer, which has 
been impregnated with the liquid material is peeled 
together with said porous sheet by peeling the po- 
rous sheet from the substrate while imparting ten- 
sion to said porous sheet not so as to be loosened, 45 
in said step of partially exposing the surface o1 the 
substrate based on the prescribed pattern. 

13. A process as claimed in Claim 1 1 , wherein: 

said liquid material comprises material which so 
is solid at a room temperature, and can be liquefied 
by heat. 

14. A process for producing an electrode plate for a sec- 
ondary battery with a nonaqueous electrolyte, 55 
which comprises the steps of: 

applying an electrode forming composition 



comprising active material and a binder on a 
collector, and drying same to form an active ma- 
terial layer on the collector; 
impregnating said active material layer with liq- 
uid material having a larger cohesion after so- 
lidification thereof than that of said active ma- 
terial based on a prescribed pattern; 
solidifying said liquid material to form a solidi- 
fied material; and 

peeling a portion of said active material layer, 
which has been impregnated with said solidi- 
fied material, to expose partially a surface of 
said collector based on said prescribed pattern. 

15. A process as claimed in Claim 14, wherein: 

said liquid material comprises material which 
is solid at a room temperature, and can be liquefied 
by heat. 

16. A process as claimed in Claim 15, wherein: 

said material which can be liquefied by heat 
comprises at ieast one of thermoplastic resin, or- 
ganic or inorganic wax and a low melting point-met- 
al. 

17. A process as claimed in Claim 15, wherein: 

said material which can be liquefied by heat 
has viscosity of from 10 to 50,000 cP when the melt- 
ing thereof. 

18. A process as claimed in Claim 15, wherein: 

said material which can be liquefied by heat 
has a melting point of from 20°C to 250°C. 

19. A process as claimed in Claim 15, wherein: 

said materia! which can be liquefied by heat 
comprises at least one of polyethylene, polypropyl- 
ene, low molecular weight polyethylene, low molec- 
ular weight polypropylene, wax and derivative 
thereof. 

20. A process as claimed in Claim 14, wherein: 

said liquid material comprises material which 
can be solidified by chemical reaction. 

21. A process as claimed in Claim 20, wherein: 

said liquid material comprises at least one of 
polymerization material and cross-linking material. 

22. A process as claimed in Claim 14, wherein: 

said substrate is a collector for a lithium bat- 
tery. 

23. A process as claimed in Claim 22, wherein: 

said binder comprises fluororesin. 

24. A process as claimed in Claim 14, wherein: 
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said liquid material comprises thermoplastic 
resin; 

said step of impregnating the active material 
layer with the liquid material comprises impreg- 
nating a portion of the active material layer to s 
be removed with the thermoplastic resin by the 
use of heat; 

said step of solidifying the liquid material com- 
prises cooling said thermoplastic resin; and 
said step of peeling the active material layer to 
comprises removing said thermoplastic resin 
together with the portion of the active material 
to be removed. 

25. A process as claimed in Claim 24, wherein: is 

said step of impregnating the portion of the ac- 
tive material layer to be removed with the ther- 
moplastic resin comprises heat-pressing a 
peeling sheet impregnated with said thermo- 20 
plastic resin onto the portion of the active ma- 
terial layer to be removed; and 
said step of removing the thermoplastic resin 
together with the portion of the active material 
layer to be removed comprises peeling said 25 
peeling sheet from said active material layer to 
remove said portion of the active material layer 
to be removed in a heat-pressing region togeth- 
er with the peeling sheet. 

30 

26. A process as claimed in Claim 25, wherein: 

said thermoplastic resin comprises at least 
one of polyethylene, polypropylene and derivative 
thereof. 

35 

27. A process as claimed in Claim 25, wherein: 

said peeling sheet comprises a porous sheet. 

28. A process as claimed in Claim 25, wherein: 

said thermoplastic resin has a melting point of 40 
from 100°C to 250°C. 

29. A process as claimed in Claim 25, wherein: 

said thermoplastic resin has viscosity of from 
100 to 50,000 cP when the melting thereof. 4$ 

30. A process as claimed in Claim 25, wherein: 

said peeling sheet comprises a nonwoven 
fabric cloth. 

50 

31. A process as claimed in Claim 25, wherein: 

heating in the heat-pressing of said peeling 
sheet is conducted from a side of the collector. 

32. A process as claimed in Claim 24, wherein: 55 

said step of impregnating the portion of the ac- 
tive material layer to be removed with the thermo- 
plastic resin comprises heating said active material 



layer and then bringing a formed body which is 
made of said thermoplastic resin and is solid at a 
room temperature into contact with said portion of 
the active material layer to be removed. 

33. A process as claimed in Claim 33, wherein: 

said formed body made of the thermoplastic 
resin has substantially the same shape as that of 
the portion of the active material layer to be re- 
moved. 

34. A process as claimed in Claim 32, wherein: 

the active material layer is continuously im- 
pregnated with said thermoplastic resin while 
pressing said formed body made of the thermoplas- 
tic resin on the heated surface of the active material 
layer. 

35. A process as claimed in Claim 32, wherein: 

said thermoplastic resin comprises at least 
one of polyethylene, polypropylene and derivative 
thereof. 

36. A process as claimed in Claim 32, wherein: 

said thermoplastic resin has a melting point of 
from 20° C to 250° C. 

37. A process as claimed in Claim 32, wherein: 

said thermoplastic resin has viscosity of from 
100 to 50,000 cP when the melting thereof. 

38. A process as claimed in Claim 32, wherein: 

said heating of the active material layer is con- 
ducted from a side of the collector. 

39. A process as claimed in Claim 14, wherein: 

a step of bringing a porous sheet into contact 
with the active material layer to cause a part of 
said liquid material existing in said active ma- 
terial layer and/or existing on the surface there- 
of to migrate into said porous sheet is carried 
out between said step of impregnating the ac- 
tive material layer with the liquid material and 
said step of solidifying the liquid material; 
said step of solidifying the liquid material com- 
prises integrally solidifying the liquid material 
remaining in said active material layer and the 
liquid material caused to migrate into said po- 
rous sheet; and 

said step of peeling the portion of the active ma- 
terial layer comprises peeling the portion of the 
coating layer, which has been impregnated with 
the liquid material together with said porous 
sheet in the integral solidification condition of 
the liquid material in the active material layer 
and the liquid material in the porous sheet, to 
expose partially the surface of the substrate 
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based on the prescribed pattern. 

40. A process as claimed in Claim 39, wherein: 

the portion of the coating layer, which has 
been impregnated with the liquid material is peeled 
together with said porous sheet by peeling the po- 
rous sheet from the collector while imparting ten- 
sion to said porous sheet not so as to be loosened, 
in said step of partially exposing the surface of the 
collector based on the prescribed pattern. 



41. 



42. 



44. 



45. 



A process as claimed in Claim 39, wherein: 

said liquid material comprises material which 
is solid at a room temperature, and can be liquefied 
by heat. 

A process as claimed in Claim 41 , wherein: 

said material which can be liquefied by heat 
comprises at least one of thermoplastic resia or- 
ganic or inorganic wax and a low melting point-met- 
al. 
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A process as claimed in Claim 42, wherein: 

said thermoplastic resin is at least one ther- 
moplastic resin selected from the group consisting 25 
of ethylene homopolymer, propylene homopolymer, 
ethylene copolymer and propylene copolymer. 

A process as claimed in Claim 41, wherein: 

said material which is solid at a room temper- 30 
ature, and can be liquefied by heat has a melting 
point of from 20°C to 250°C. 

A process as claimed in Claim 41, wherein: 

said material which is solid at a room temper- 35 
ature, and can be liquefied by heat has viscosity of 
from 10 to 50,000 cP when the melting thereof. 



40 



46. A process as claimed in Claim 14, wherein: 

a step of bringing a porous sheet into contact 
with the active material layer to cause a part of 
said liquid material existing in said active ma- 
terial layer and/or existing on the surface there- 
of to migrate into said porous sheet is carried 45 
out between said step of impregnating the ac- 
tive material layer with the liquid material and 
said step of solidilying the liquid material; 
said step of solidifying the liquid material com- 
prises integrally solidifying the liquid material so 
remaining in said active material layer and the 
liquid material caused to migrate into said po- 
rous sheet by cooling same; and 
said step of peeling the portion of the active ma- 
terial layer comprises peeling the portion of the 55 
coating layer, which has been impregnated with 
the liquid material together with said porous 
sheet in the integral solidification condition of 



the liquid material in the active material layer 
and the liquid material in the porous sheet, to 
expose partially the surface of the collector 
based on the prescribed pattern. 

47. A process as claimed in Claim 14, wherein: 

a step of cooling the liquid material to solidify 
same, a step of bringing a porous sheet into 
contact with the active material layer and a step 
of heating contact portions of the active mate- 
rial layer and the porous sheet to remelt a part 
of the solidified liquid material so as to cause 
the remelt liquid material to migrate into the po- 
75 rous sheet are conducted in this order between 

said step of impregnating the active material 
layer with the liquid material and said step of 
solidifying the liquid material; and 
said step of peeling the portion of the active ma- 
terial layer comprises peeling the portion of the 
coating layer, which has been impregnated with 
the liquid material together with said porous 
sheet in the integral solidification condition of 
the liquid material in the active material layer 
and the liquid material in the porous sheet, to 
expose partially the surface of the collector 
based on the prescribed pattern. 

48. A process as claimed in Claim 14, wherein: 

a step of cooling the liquid material to solidify 
same and a step of bringing a heated porous 
sheet into contact with the active material layer 
to remelt a part of the solidified liquid material 
so as to cause the remelt liquid material to mi- 
grate into the porous sheet are conducted in 
this order between said step of impregnating 
the active material layer with the liquid material 
and said step of solidifying the liquid material; 
and 

said step of peeling the portion of the active ma- 
terial layer comprises peeling the portion of the 
coating layer, which has been impregnated with 
the liquid material together with said porous 
sheet in the integral solidification condition of 
the liquid material in the active material layer 
and the liquid material in the porous sheet, to 
expose partially the surface of the collector 
based on the prescribed pattern. 

49. A process as claimed in Claim 39, wherein: 
said porous sheet comprises any one of pol- 
yester mesh, metallic mesh, cloth, paper and a non- 
woven fabric cloth. 

50. An electrode plate for a secondary battery with a 
nonaqueous electrolyte, produced by carrying out 
a process comprising the steps of: 
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applying an electrode forming composition 
comprising active material and a binder on a 
collector, and drying same to form an active ma- 
terial layer on the collector; 

impregnating said active material layer with liq- s 
uid material having a larger cohesion after so- 
lidification thereof than that of said active ma- 
terial based on a prescribed pattern; 
solidifying said liquid material to form a solidi- 
fied material; and 10 
peeling a portion of said active material layer, 
which has been impregnated with said solidi- 
fied material, to expose partially a surface of 
said collector based on said prescribed pattern. 

75 

51. An electrode plate for a secondary battery with a 
nonaqueous electrolyte, as claimed in Claim 50, 
wherein: 

said liquid material comprises thermoplastic 20 
resin; 

said step of impregnating the active material 
layer with the liquid material comprises impreg- 
nating a portion of the active material layer to 
be removed with the thermoplastic resin by the 25 
use of heat; 

said step of solidifying the liquid material com- 
prises cooling said thermoplastic resin; and 
said step of peeling the active material layer 
comprises removing said thermoplastic resin 30 
together with the portion of the active material 
to be removed. 

52. An electrode plate for a secondary battery with a 
nonaqueous electrolyte, as claimed in Claim 51, 35 
wherein: 



made of said thermoplastic resin and is solid at a 
room temperature into contact with said portion of 
the active material layer to be removed. 

54. An electrode plate for a secondary battery with a 
nonaqueous electrolyte, as claimed in Claim 50, 
wherein: 

a step of bringing a porous sheet into contact 
with the active material layer to cause a part of 
said liquid material existing in said active ma- 
terial layer and/or existing on the surface there- 
of to migrate into said porous sheet is carried 
out between said step of impregnating the ac- 
tive material layer with the liquid material and 
said step of solidifying the liquid material; 
said step of solidifying the liquid material com- 
prises integrally solidifying the liquid material 
remaining in said active material layer and the 
liquid material caused to migrate into said po- 
rous sheet; and 

said step of peeling the portion of the active ma- 
terial layer comprises peeling the portion of the 
coating layer, which has been impregnated with 
the liquid material together with said porous 
sheet in the integral solidification condition of 
the liquid material in the active material layer 
and the liquid material in the porous sheet, to 
expose partially the surface of the substrate 
based on the prescribed pattern. 

55. A sheet for peeling an active material layer, which 
comprises a porous sheet and thermoplastic resin 
impregnated in said porous sheet. 



said step of impregnating the portion of the ac- 
tive material layer to be removed with the ther- 
moplastic resin comprises heat-pressing a *o 
peeling sheet impregnated with said thermo- 
plastic resin onto the portion of the active ma- 
terial layer to be removed; and 
said step of removing the thermoplastic resin 
together with the portion of the active material 45 
layer to be removed comprises peeling said 
peeling sheet from said active material layer to 
remove said portion of the active material layer 
to be removed in a heat-pressing region togeth- 
er with the peeling sheet. 50 



53. An electrode plate for a secondary battery with a 
nonaqueous electrolyte, as claimed in Claim 51, 
wherein: 

said step of impregnating the portion of the ac- 55 
tive material layer to be removed with the thermo- 
plastic resin comprises heating said active material 
layer and then bringing a lormed body which is 
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